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TABLE 5-26. PROCESS DATA LOG NO. 1: POWER PLANT CONTROL ROOM
BOILER PROCESS DATA
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Time | Initialsof |load, |Excess™ Steam temp., F Drum Throttle
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TABLE 5-27.

PROCESS DATA .OG NO. 2:

EMISSIONS DATA

(Rezord dat2 hourly)
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JULY 1. 1902

POWER PLANT CONTRCL ROOM
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TABLE 5-29. PROCESS DATA LOG NO. 4: SNOX PROCESS DATA
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Date: Iy
Time [initials of | SO; Concentration, ppm | NO, Coacentration, ppm | Gas Tempersture b |
Personnel
Recording Fw’"’
e e | Owie | dmer | Outler | SNOX/| Reacior] Towsr TTows] &
AN X | Intet | lnler | lnlet |Outie: ¢
PR T opec| £ 22| 2006 |73 | 2oy 72 AR e
orel M 2059 | P20 79 20 A 28 | sov | /9 S8
P 20/5 22 | 700 rQ A6 | 2gx | cos | se8 Al
as-ie 2090 2y | £eL 0 i {227\ fov 1790
lo°e% ZZ ﬁz;’_ﬁ_;_@ fIop ey L7 1341568
2 2° 2o0¥ 70 | £91 Y0 (27 S0y 1o 1571 93¢
XL 2907 1o | o4 <y ¥ F2er 1 s0v 797130
(¢ 956 2§ | 222 o 2% | oy ] ik =]
7 Sl 2222 22 | 2 £0_ ZL3 ) S0 | Bk -7
r/&"" 2083 gL 24 0 1QPELL 212 LR
22 2227 2 222 | ¥0 v 1 oqr | sos” | soc Q22 12RO
- pe2S -T2 L2 | Z2) 39 | 2P¢ Lfocr | o B4 9AC
d PR 24 122 L o/9 o9 oc B4
Ly 3° 12,213 Fy | >3 39 229 | fos” £12%
28090 (_u‘P_.zz_q: P4 06, 29 2L\ sof 2.3 320
(530} MMEC 1220/ ZTH A e 7 12.917387
10 | | 12207 q3_| (A0 i ® o (144 122 [55®
{30 159188 | 4 39 3wl {786 | 506[z00 Q_%
{700 io2- EA | A 29 { 1789 |04 |202.12.6
{730 r AL 5 23 | A% H 1285|765 |4 |23 ]2,
(B0 2080 g | e 40 | 757 (4 1208124 |
{330 2072 1714 | RO |AD 55_5_;_% o4 o2 .
3 14 1400 ZOB] 80 | 723 432 {385 (784 504 (200 k2.1~
% |5 [ k30 2072|717 |74 Y TR 1504 |\ R.ST
DS 128001 w 21t | 8.l Nz 427|385 |78 lopa. 194 J2-4
7 14 Hzo30] MmMP | 2086 O | 700 4( 789 (S0 142 02,1
TS | 4 |2100] MHP = m 42, |38 (504 5.0
11 5 [z3o| MKp [zoas 157 [ Tns 43 1285 | 70DIc0D 1195129
roject Engineer Review K96 so/5/43 |
Inigals/Date




T;_.__

i T

139

- 137 )
138 . _
138
137 .
L
ng
V8.
hs_
3
17

T2/

N

7
2.1
4.9
2.9
.7
2.9
a5
a.3
2.
R 3
2.9
2.
3.4
3.1

. -
Nifes Srvox o,

1 Praemenia I bs

perhnw ...

In- \c;t 0’;(5:{\
’pt’.adnfi)

SCR OutleX .
fornperstvre.

™id Point

.1 NOX Read:

gy =
]

rd
G
S
b

1z

b

5

b

5

S
S 3
g/

9

-
w



N P e —

JUI-Y L lm

TABLE 5-26. PROCESS DATA LOG NO. 1: POWER PLANT CONTROL ROOM
BOILER PROCESS DATA

(Record dam hourly)
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Personnel | MW | Oxygen, 2| Steam | Steam
Recording | GeorS | percent | SH Outlet | RH Pres,, Flow,
Dan Outler | Psig kib/hr
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TABLE 5-27. PROCESS DATA LOG NO. 2: POWER PLANT CONTROL ‘ROOM

-/5-43 .

EMISSIONS DATA
) (Record da hourly)
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TABLE 5-29. PROCESS DATA LOG NO. 4: SNOX PROCESS DATA
C (Record data hourly) P
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MEMO

TO: TOM KELLY DATE: JULY 22, 1993

XC: AIR TOXIC FILE
FROM: TIMOTHYD. CASSELL

SUBJECT: DAILY LOGS OF AIR TOXIC TESTING

Please note that between 0800 and 1000 the inlet 02 reading was
lower than normal on the July 21, 1993 daily log. The Horiba
instruments were working correctly, however the output was on an
incorrect scale thus lowering the presumed value. After correcting
the switch position, the readings were corrected.

I1f you have any questions, please call me at 652-4881.

[ o |



L VY NP, Vil Pay g s

JULY 1. 1993

TABLE 5-26. PROCESS DATA LOG NO. 1: POWER PLANT CONTROL ROOM
BOILER PROCESS DATA

(Record daa hourly)
e Dare:_ -1/ 73 :
Time | lnitialsof | Load, | Bweess- | Stzam wemp., F Drum Throttie
Personnel { MW | Oxygen, Steam Steam
Recording pescent SHE Outlet { RH Pres., Flow,
Daza Outler | Psig kib/hr
300| =22 | | 250 | P9 | Y& | 3 | F7Y
ro0 | = || 123 | AL L | 23 | fPr
oo | A |\ e | 1e3 | PP | T | 3L | F7S
oo | eo®d [ uL | L4% | 983 ANS | 1S3 | 9¢
e | ®E0  Juy VST | Q9 A | 1539 ey
Voo | RSO Wl e ¢ | WS 11539 | vt |
Woo | OB | uy | 186 a9 M 1S3 [y
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TABLE 5-27. PROCESS DATA LOG NO. 2: POWER PLANT CONTROL ROOM
EMISSIONS DATA
{Record dat hourly)

Date: AP T 4‘3 .

: g
o
Personnel | Grygen, | SO, ppm | NO,, ppm | Opacity,
g::rdmz mr fofewms 7 | Vo fiaww Bten, | PEFCERE
2 | =P /3 Vo4 0.7/ 2 C
vw) | TP 57| L5 | a7 | z2¢
| X | s /57 | g | 2C
oo | BB | 95.C |1.(3 QIS 2.
Yoo | e [ M3 | V.59 o 2.9
®oo | e | e | ys7 | O.TR 2.6
Aoo . D | M | wuq | 6.94 a.gl_i
Boce | BOD 124 VS84 |08 | 2
Neo | RO b | e 053 | 4.9 E
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TABLE 5-29. PROCESS DATA LOG NO. 4: SNOX PROCESS DATA
(Record data hourly)

. 22
- Date: 2-2293
. v NO, Cocceatration, ppm Gas Temperature, F
' i R
“Qutlet | SNOX | Reactor| Towsr | Tower
Inlet Inlet | Inlst | Oustle
&0 1 308 | 278 | goo v A 4
2% 1 222 | 7271 500 |2) ¢
——— " . 1==l‘:__ o
/4 L7 | Sor —_—
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&2 121 | 7 goz L ye2 b ¢ 5
YE_ 13py I L) (28
£o Y aP7 \obr | L3 12970 47
327 VPL7 \ so3 | z07
Y 1327 Y ops \ sp3 9/ Vel
JLL..HL.&ZTL&.LL__
£ 277 2.7 ,&_0_’__
44 gleAf__&Lﬁ%.zL__
’.2&_.2{[ Soy \ /5 L g0
e e s laa
L‘:‘ ot _’- - —
SB6 § D S/ V\-f
R Eop
&/ %ﬁ
b/ 1367
£7 &€
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TABLE 5-29. PROCESS DATA LOG NO. 4: SNOX PROCESS DATA

(Record data hourly)
: Date: - rp. 3 “
o ® ® & ®

28 _ @
: - § Recording - waer
d é o Dan "%’ Ly . wiA O
3 £ Tnlet Outiet Tniet Outlel | SNOX | Reactor] Tower | Tower
W lnlet | Inlet | lnlet | Outiet -
% Z700 7929 | AR i.s‘zg YA A

—Ar

.
1
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MANAGIMENT PLAN

JULY 3. 1993

TABLE 5-26. PROCESS DATA LOG NO. 1: POWER PLANT CONTROL ROOM

BOILER PROCESS DATA
(Record dama hourly)

e  Tu? Due:_p7-22 =73 -
Time | Initials of | Load, | Eeeess | Steam temp., F Drum ¢4 | Twonte

Pesonnel [ MW | Oxygen, L£8 44 ¢f | Seam | Steam

Recording percent | SH Qutlet | RH Pres., Flow,

Dar Outier | Psig kib/hr
M%é 7 e lo.sgr | 973 951|153, |gHL3 ]
oos | AL\ 7 L3t | 99¢ | %5~ | 535 |eng57 1
oo | Z.270 N7 Vs | 997 | oex | 538 lsrc.ov
oo VK| 7 1123 | 799 | 972 | s3> |575:53
oo |20 |z | Jyg | oo | 979 | 1538 |87725%
oo |L-Z7 |7 |11y | 996 | 7% | 1535 l5m.cq
woo \F RV N7 V108 | 9% | 97 | 1538 |sm.07
oo |27 |17 |13 | o7 | 975~ | 153C le#m/7
1600 lwbL w7 Yt | 9%s 92} /835 (87959
o lwPe | 7 1450 1990 | 923 | 1535 |%0.20
1802 | WPR 1wy | /-3t 959 952 1534 §77,48
1900 \Ww PR 1wy | /8 | 4954 47y |53 (8784
2200 | LW PR Ik RN 1000 A7y 1153L |79 461
2100 | TE Codrpitnep 30.0G - |
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TABLE 5-27.

EMISSIONS DATA
(Record dara hourly)

Da:::_Q?-Z:i-?z,

LY 1.1

PROCESS DATA LOG NQ. 2: POWER PLANT CONTROL ROOM

-

W-&n& Stack Stack Sack
Personnel | G=gen, | SO, ppm | NO,, ppm | Opacity,
Recording |BERSem |\ - Bén |{k o b7ee | PETSERL
Dan ktb/ by
bsoo | L7 | g7.7 | 132 | 072 | 26
oo | 2T 1asy | 134 | o.20 £
wo | SO Nz | )2 o723 | oc
yeo ﬂﬂ/ 2./ | )8e 0.7 | z2¢
a0 | J Al 95 130 057 | 26
peo |27 1y | 127 |0.83 | 26
AV | 9.0 | j2% |0.62 | ac
o0 |2 PT |28 | L3V | 0.8 | 2.¢
jeoo | WP E192.5 | 134 6.79 | 26
wo lwP.R.| 29 [ 1.3 .77 2.L
seo lwre. 193049 | /.23 | 0.78 26
/oo |wpp. 1925 | /.33 |0.77 2.L
oo WP |13 | L3 0:77 2.¢
2100
IS I A A AN E—
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TABLE 5-29. PROCESS DATA LOG NO. 4: SNOX PROCESS DATA
(Record data hourly)

AN

ol

' 23
Date: 7293

°© ®® S & _° o o &
g Time |lnitials of | SO, Concentration, ppm | NO, Coancentration, ppm Gas Temperature, F
*E I3 R |

- , 21 ing % =
LW dé p Dsta oF Sy, wiA i O
:‘ Q H Iniet Qutlet Iniet Outiet | SNOX |Resctor | Tower | Tower
r |n Inlet Inlet Infet | Oudet
K3 T ore| ST | 2737 20 637 132 377 1290 r00 12713/
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TABLE 5-26. PROCESS DATA LOG NO. 1: POWER PLANT CONTROL ROOM
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BOILER PROCESS DATA
(Record dama hourly)
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TABLE 5-27. PROCESS DATA LOG ND. 2: POWER PLANT CONTROL ROOM
SMISSIONS DATA
(Record dam hourly)
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TABLE 5-26. PROCESS DATA LOG NO. 1: POWER PLANT CONTROL ROOM
BOILER PROCESS DATA
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TABLE 5-27. PROCESS DATA LOG NOQ. 2: POWER PLANT CONTROL ROOM
EMISSIONS DATA
(Record dam hourly)
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B-1. Introduction

During the week of July 18-24, while Battelle and Chester staff conducted six days
of solid, liquid, and flue gas sampling at the SNOX process, Research Triangle Institute
(RTI) conducted technical and performance audits of the field effort. Those audits took place
on July 20 and 21, 1993.

The RTI activities included technical audits, performance audits, and CEM
calibrations. Those separate activities are discussed in Sections B-2 through B-4,
respectively. The RTI Field Sampling Audit Report for Niles Station is included at the end
of this Appendix.

B-2. Technical Audits

The following are responses to specific comments made by RTI; these are organized
under the same headings and in the same order as the original comments in the enclosed RTI

report.
Findings

(1) There is no intent of assigning all of the probe rinse particulate to any one particle
size fraction. This material is considered as a separate component, for example in
discussion of particle size distributions in Section 7.3. Given the constraints of flue
gas sampling at the baghouse inlet, there was no alternative to use of the extractive
sampling mode.

2 The glass cyclones were designed to provide the desired particle size cuts, and to be
accommodated within a Method 5 heated box along with the particulate filter.
Insufficient time was available before the field study to conduct verification tests, but

B-1
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(10)

the flow rates used in the field were appropriate for achieving the desired 10 um and
5 pm. size cuts.

It is not entirely clear from the RTI comment which probe had the womn insulation at
Location 19. In any case, as the RTI auditors noted, the impact on the data is
probably insignificant. Comparison of measurements at Locations 18 and 19 (e.g.,
probe rinses) wou'd not provide any useful information on probe differences,
because of the great difference in flue gas composition at these sites upstream and
downstream of the baghouse.

The Fyrit_e solutions used by Chester for O, measurements were replaced regularly,
foliowing this comment from the RTI auditors.

No response needed.

Blank samples were taken of all reagents made up with the deionized water, for
blank subtraction.

The impact on data should be minimal, since gas flow/reagent volume ratios were
similar with the two sizes of glassware. ‘

The potential for some effect from SO, in the flue gas is real, however, it is not
clear how "bleaching” of DNPH solution by SO, could be greater in the second
impinger than in the first. The procedure used was discussed with knowledgeable
staff at U.S. EPA prior to the study, and the aldehyde results appear reasonable (see
Section 5.7).

The impact on ash composition data is almost certainly negligible, given the ample
quantities of ash collected, and the small amount of damage to the sampling device.
The selection of which baghouse hoppers to sample was not based on an assumption
by Battelle, but upon consultation with ABB staff concerning the quantities of
material collected in each hopper. Compositing of the baghouse samples also
reduces the impact of any inhomogeneities. Note that only composite samples were
analyzed, so differences in the ash composition from different hoppers cannot be
discerned from the analytical data.

B-2

[ S



Observations

1)
@
&Y

No comment needed.

No comment needed.

This comment refers to an issue that field staff were not qualified to address.
Careful review of analytical data has been conducted in compiling data for this
report, and in preparing study data for the PISCES data base format.

Recommendations

)

@

3

@

&)

©

This recommendation appears to contradict the comments made by RTI under
Findings, Item 5. No critical weighings were conducted in the field, so NIST-
traceable weigh checks are unnecessary.

Reagent blanks were analyzed for all sampling methods, and the data shown in this
report have been properly corrected.

The scope of this study does not include such an investigation. As noted above,
guidance from U.S. EPA indicates the method should not be invalidated by elevated
SO, levels.

The use of such a model would be very prone to error, given the frequently
changing configuration of the probe and flexible line combination. No useful
information would be obtained from such an effort.

Validation testing such as that suggested is beyond the scope of the present study,
though it may be of value in future work. Given that the cyclones were used at only
one location having a very high particulate loading, such an effort would have
minimal effect on the results of this study. ‘
During sampling subsequent to the audit, the Fynite sample solutions were changed
regularly to avoid use of aged solutions.
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B-3. Performance Audits

As indicated in the enclosed RTI Field Sampling Audit Report, RTI performed o
Performance Evaluation Audits (PEA) by spiking sampling materials with target analytes.
Tables B-1, B-2, B-3, and B4 show the results of analyses of the spiked samples for metals,
PAH, VOST, and aldehydes, respectively For each spiked sample, the mass of analyte
found by Battelle, the mass of analyte spiked into the sample as reported by RTI, and the
percent recovery of the spiked analyte are shown. The significance of these results is
discussed according to analyte class in the following paragraphs.

Metals

As shown in Table B-1, six of the recoveries for the PEA -samples are outside of the
range of 70 to 130 percent. Battelle’s accuracy requirement for metals was 80 to
120 percent recovery for certified standard materials. Since the PEA samples are not
oertiﬁéd standards, and since analyte losses may have occurred during spiking, a wider range
for these analyses is considered acceptable.

For the filter samples, mercury and selenium showed lower recoveries than the other
three analytes (excluding cadmium in N-18-MUM-721). This result is attributed to the
potential losses of these compounds during the spiking process or during sample handling,
preparation, and analysis.

The 55 percent recovery for cadmium in N-18-MUM-721 filter is considered an
outlier since cadmium recoveries for ali other samples are acceptable.

The 44 percent recovery for selenium in N-18-MUM-721 is attributed to the low
spike level and the anticipated lower analytical accuracy near the detection limit of a method.
The detection limit for selenium in prepared H,0, impinger solution was 0.01 mg/L; the
detected level in N-18-MUM-721 was 0.07 mg/L. This low selenium recovery is not
expected to occur in actual samples because selenium levels in most samples were found at -

much higher concentrations.
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As shown in Table B-2, recoveries for almost all of the PAH in the PEA samples
were between 50 to 150 percent. This accuracy limit was established on this project for
recovery of deuterated PAH spiked into samples prior to extraction and is reasonable to use
as a limit for the PEA samples.

The low recovery of the volatile PAH naphthalene results principally because this
compound was spiked onto blank filters rather than onto particulate matter on filters.
Volatile PAH are more stable on particulate matter than on blank filters. Much of the spiked
naphthalene was likely lost from the blank filters during sample handling and transporting.
Acenaphthylene and acenaphthenc are similarily volatile and also showed slightly lower
recoveries on the filter PEA samples in comparison to the other PAH. An alternative
approach to spiking would be to spike collected filter samples with deuterated PAH. The
low recovery for naphthalene on the filter PEA samples is not expected to affect sample
results since this volatile PAH would be bound on particulate in actual filter samples and less
susceptible to the losses described here.

The recovery (162 percent) for dibenzo(a,h)anthracene was higher than 150 percent
for one of the four PEA samples. Since all the recoveries for other PAH in this sample were
in the acceptable range, this high recovery is probably due to contamination in the field
spiking process, or in the sample handling, or in the laboratory. However, this high
recovery should not affect sample results because dibenzo(a,h)anthracene was not detected in
the field blanks and laboratory method blanks.

YOST

For the majority of the VOST compounds, recoveries of the spiked compounds into
the PEA samples were within 26 to 160 percent. This accuracy limit was established for
recovery of surrogate spikes from VOST samples and is reasonable to use as a limit for PEA

samples.
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B-4. CEM and Sensor Audits

As described in the enclosed RTI report, RTI audited Battelle’s paramagnetic O,
analyzers, Chester Environmental's Fyrite O, analyzers, dry gas meters from both groups,
and SO, and NO, CEM instruments operated by ABB at the SNOX 'facility. Results of these
audits are tabulated in the enclosed RTI report. Battelle’s dry gas meter results, noted in the
RTI report, were provided to RTI, and to the best of our knowledge agreed within a few
percent with the RTI audit.

B-5. Battelle’s Audits

A copy of Battelle’s internal audit report on the project is included as the last portion
of this appendix.

B-6. Results from Coal Analysis Round Robi

Results from the coal analysis round robin coordinated by Consol, Inc. (Consol) for
DOE/PETC are presented in Tables B-5 and B-6 for Samples F and O, respectively, which
are the duplicate samples generated from Niles coal provided by Battelle to Consol.

A comparison of the average round robin results for Niles coal from all five
laboratories participating in the study with the results provided in Section 5 of this report for
Niles boiler feed coal is provided in Table B-7. In general, the relative percent difference
between the average results for detected elements in the boiler feed coal presented in
Table 5-10 and the average result obtained for Niles coal (designated Samples F and O) by
the five laboratories participating in the round robin study was less than 30 percent.

Antimony, arsenic, cadmium, copper, molybdenum, nickel, and selenium had
relative percent differences above 30 percent; at 75 percent, 33 percent, 116 percent,

35 percent, 56 percent, and 91 percent, respectively. The large cadmium and molybdenum
relative percent differences were due to the non-detect results obtained for each. For
antimony and copper, the laboratory procedures apparently did not recover these elements
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as expected. Although the arsenic and nickel relative percent differences were above

30 percent (33 percent and 56 percent, respectively), the percent relative standard deviation
associated with each in the round robin study was aiso relatively high (averages of

36.2 percent and 33.1 percent, respectively) which suggested that the round robin resuits
were not more accurate than the result presented in Table 5-10. The round robin study also
demonstrated that the large relative percent difference for selenium (91 percent) was not
unusual given the poor accuracy of the round robin results for this element.
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TABLE B-7.

Analyte

Aluminum
Antimony
Arsenic
Barium
Beryllium
Boron
Cadmium
Chromium
Cobalt
Copper
Lead
Manganese
Mercury

Moiybdenum

Nickel
Potassium
Selenium
Silicon
Sodium
Titanium
Vanadium

*Calculated using average moisture value of 5.9 percent for boiler feed coal.

COMPARISON OF BOILER FEED COAL RESULTS
WITH ROUND ROBIN RESULTS

Average
Table 5-10
Result (ug/g,
as received)

13700
0.9
34

63
2.27
53
ND< 0.3
15

54
14

13

27
0.26
ND< 3
15
2000
0.9
24600
300
767
26

Average
Table 5-10
Result (ug/g,

dry)*

14600

0.96

36

67

241

56

ND< 0.31%
16
5.7
15
14
29
0.28
3.1
16
2100
0.96
26100
319
815
28

ND<
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Average
Round Robin
Result (F/0)

(ug/g, dry)

15925
2.1
26
76.1
2.37
70.7
0.085
20
6.95
21.2
13.6
26.5
0.26
4.54
28.2
2405
2.56
28499
297
976
34

Relative
Percent
Difference

75
33
13

23

116

23
19
35

35
56
14
91

18
21



RESEARCH TRIANGLE INSTITUTE

RTI/5960/193 - 07D | August 12, 1993
QA/QC AUDITS ON DOE UTILITY BOILER TEST PROGRAM
FIELD SAMPLING AUDIT REPORT

Site: Niles Station Unit 2, Niles, OH
DOE Contractor: Banclic
DOE Project Officer: Robert Evans

Performed for

Joseph A. McSorley
EPA Work Assignment Manager
Office of Air Quality Planning and Standards
U.S. Environmental Protection Agency
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Field Avait of:

Niles Station Unit 2
Otio Edison
Niles, OH

Contractors: Battelle Memorial Institute
Chester Environmental

Dates: July 20 and 21, 1993

RTI Personnel: J.B. Flanagan and L.L. Pearce

Introduction

Niles Station Unit 2 is owned and operated by the Ohio Edison system and is located
adjacent to the Mahoning River just south of Niles, Ohio. Unit 2 is a cyclone coal-fired
boiler, burning bituminous coal from various sources. The coal has an average sulfur content
of 3.0 percent Typical gross electrical generation at full load is 100 MW. To maintain full
load, four star-valve feeders supply approximately 44 tons per hour of coal into four bumners.
Approximately 20 to 30 percent of the ash in the coal is fly ash. An electrostatic precipitator
(ESP) is the principal control for entrained fly ash. The rest of the ash, approximately 70 to
80 percent, is retained as molten slag in the boaom of the boiler and then drained into a tank
filled with water. _ _

A slipstream exits unit 2 prior to the ESP and is routed to the Innovative Clean Coal
Technology Wet Gas Sulfuric Acid - Selective Catalytic Reduction of NO, (ICCT WSA-
SNOX) pilot plant managed by ABB Combustion Engineering. The WSA‘SNOX process
'provides SO, and NO, control on 35 percent of the flue gas from unit 2. There are no SO,
or NO, control systems for the remaining 65 percent of the flue gas. The WSA-SNOX
process uscs 8 selective catalytic reactor for the removal of NO, and an SO, catalytic reactor
in sequence with a cooling tower to convert SO, to sulfuric acid.

During the audit, the Niles plant had repeated operational problems with one of the
four coal feeders. On Tuesday, July 20, sampling was postponed because of this problem.
By 1:00 p.m. on Wednesday, July 21, this had been resolved, and a full day of organic
sampling commenced. Thus, the entire sampling schedule was shifted.

" Despite the schedule change, the auditors were able to complete all performance
evaluation audits (PEAs) and audit questionnaires. In addition, more time was available on
Tuesday and on Wednesday morning to interview the sampling personnel and to examine
records. . The auditors departed the site at approximately 6:00 p.m. on Wednesday.
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ings

Finding: Particulate fractions data may be compressed because cyclones were
operated in an extractive mode instead of in the stack. In-stack sampling could not
be performed because the ports were too small to aliow the cyclones to pass through.
Obtaining the sampie required a sample probe and flexibie Teflon line. Acconding 1o
Tom Kelly, up to 15 feet of wbing (probe length plus flexible line) were needed when
performing a full traverse, When performing single-point sampling, shorter tubing
runs were used. Baticlle will wash the probe and lines o recover any particulate
material last.

Effect on Data: Extractive versus in-stack cyclone sampling may lead to different
resuits because of particle loss in the probe and lines. Depending on the gas flow rate,
tbing diameter, tubing length, and acrodynamic diameter particle loss will vary.

Rinsing the probe and flexible line is a good idea, but assigning all of this material to
the first size fraction is questionable. See the Recommendation section of this report
for a suggested investigation that might help clarify this issuve.

Finding: Glass cyclones of new design were used to collect particulate for size-
fractionated analysis of metals. According to George Sverdrup, these cyclones were
of an original Battelle design and were developed specifically for this program and
fabricated only weeks prior to the Niies field testing.

Effect on Data: Unknown. Using all-glass cyclones should eliminate the chance of
metal contamination that is possible with the use of metal cyclones, but because the
cyclones were fabricated only a few weeks before the test, it is not known if validation
testing was adequate,

Finding: On one of the probes operated by Battelle, there was insufficient
insulation to shield the thermocouple that controlled the temperature of the probe
at 250°F from the high temperature flue gas. Consequently, when the thermocouple
cntered the duct, approximately half-way into the traverse, the temperature controlier
shut down thereby allowing the portion out of the stack to drop below 250°F. In
Figure 1, the controller is controlling the probe heater to heat the probe to 250°F. In
Figure 2, the contoller is turned off. The probe inside the duct is at & high
temperature, ~380°F, while the probe outside the duct is at & lower tempcrature,
~198°F, measured by Battelle.

Effect on Data: A few feet of the probe below 250°F seems unlikely to cause
significant problems. This probe, operated at sampling point #19, should be compared
with the probe at point #18 (which had adequate insutation) for evidence of any
unexpected difference in probe rinse concentrations due to condensation in the __
unheated section.
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Finding: The use of old absorbing solution in the Fyrite oxygen analyzers may
have jed to low oxygen results during the performance evaluation audit (PEA).
During the Fyritc oxygen analyzer PEA with analyzer set #1, the oxygen analyzer
measured oxygen 24 percent low compared to RTI's standard gas cylinder. The
second oxygen analyzer measured oxygen approximately 3 percent lower than RTI's
oxygen standard. It was determined that the source of error may havc been the use of
old absorbing solution in the analyzer.

Effect on Data: Even though Chester Environmental checked the Fyriwe #1
periodically with ambient air, the oxygen analyzer continued to give erroneous results
when challenged with a standard oxygen concentration. Checks of the Fyrite against 2
standard on a regular basis should be performed and the absorbing solution should be
regularly replaced to prevent measuring incorrect oxygen concentrations at the flue gas
sampling locations. Accuraie oxygen measurements are necessary in delermining the
air in-leakage at the flue gas sampling locations for filue gas molecular weight
calculations.

Finding: The field balance used to weigh impinger solutions, drierite, etc., was
not being calibrated using NIST-traceable weights. Section 5.1.2.1, “Field
Sampling Equipment,” of the Sampling/Testing and QA/QC Plan states, “Field checks
of balance accuracy will be made daily using & set of QC weights which have been
weighed side-by-side with NIST-traceable weights.”

Effect on Data: This will have minimal effects on data because none of the weighings
are used for analytical measurements. This balance was not used for weighing filters,
impactor catch, or any other critical measurements.

Finding: Water used for washing and making impinger solutions was a
commercial brand of unknown chemical composition.

Effect on Data: 'Ihewm:houldhewcfullymswdfarmepmmrofmy of the
target analytes. If resnlts show no contamination, or if background levels can be
subtracted, there should be minimal impact on data

Finding: Glassware used by Battelle’s subcontractor, Chester Environmental, for
aldehyde analysis was of a different size than that used by Battelle. Battelle used

midget impingers, while Chester used full-size impingers.

Effect on Data: Differences will probably be minimal, but without side-by-side
comparison information, it would be impaossible t¢ be certain that the data are exactly
comparable,
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10.

Finding: There appeared to be some bleaching of the DNPH solution, particularly
the second DNPH impinger, possibly due to the high levels of SO,.

Effect on Data: Unknown. Se¢c recommendations section for a suggested
investgation.

Finding: Baghouse ash may have been contaminated by the sampling device.
Banelle employed a painted steel tube within 2 rube device for sampling baghouse ash.
Ash samples were abtained by inserting the device into the ash hopper, collecting the
ash sample, and dispensing the collected sample into an amber jar. Auditors noticed a
few spots where the black enamel paint had flaked off the tube and rusty metal was
exposed.

Effect on Data: Sample contamination could result The effect on the data is
unknown, but trace metals analyses for these samples should be reviewed for any
evidence of contamination.

Finding: Sampling of the baghouse ash may not have been representative,
Baghouse ash was sampled from three of the six ash hoppers. This sampling
configuration resulted from an obstructed sampling port for one of the ash hoppers.

Effect on Data: Battelle assumed that all six hopers held identical material and the
sampling ash from three hoppers was a representative sample of baghouse ash. Each
of the ash hoppers will contain identical material given that there is & uniform flow of
flue gas through the companment of the baghouse and a uniform distribution of
particles in the flue gas.

Auditors observed a 90-degree elbow in the duct at the baghouse inlet This sharp
bend in the ductwork could cause some gas flow disturbances and result in uneven
particle distribution. Since the velocity traverses are unable to be performed at this
location, the discovery of any effects of this disturbance are pending laboratory
analysis.

Observations

1.

No grease was used with Battelle's sampling trains. Because train components had
been preselected for good fit, leakage was held to a minimum.  Chester appeared to
use Teflon tape on some of the ground glass joints in their trains to minimize leakage.

The sampling ports that had been provided in the SNOX facility ducts were only about

2 inches in usabie diameter. This limited the diameter of probes used and prevented
in-stack usc of larger devices such as cascade impactors and cyclones. Battelle and
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Chester were well-prepared for most potential problems resulting from the small pert
openings; however, comparison of these data with those obtained at other sitcs may
reveal differences due to extractive versus in-stack sampling.

Field personnel did not know if any single data base would be used to manage the
analytical data. If a laboratory audit is performed, it would be 2 good idea w0 audit
dan transfers between the data bases.

ions

The field balance should be checked daily with NIST-traceabie weights. Checks
should be recorded in the log book.

Water analyses, including reagent blanks for the impinger solutions made with the
Magnetc Springs water, should be presented in the QC section of the final report.

The observed bleaching of DNPH solutions should be investigated. It is especially
important to verify (1) that high levels of $0, or NO, do not degrade the adducts
after they are formed, and (2) that unrcacted DNPH is not degraded to such an extent
that there is incomplete capture of the aldchydes and ketones. Stack conditions could
be recreated in the laboratory to investigate the reactivity of DNPH and adduct
solutions with high SO, gas, high NO, gas, and zero air,

A computer model should be run to estimate the amount of particulate material lost in
the mbing between the sampling nozzle and the cyclones outside the stack. Results of
size-fractionated chemical analysis should be corrected based on modeling results and
probe and tbing wash data.

‘The all-glass cyclones fabricated by Banelle should be subject to validation testing
since they are of a new design. Important considerations include accuracy of
calculated cutpoints, presence of any static charge buildup on the nonconductive glass
surfaces, and losses in the sample probe and flexible line lcading from the duct to the
cyclone.

Battelle should assure that Chester checks the Fyrite oxygen analysis against a
standard on a regular basis and that the solutions are changed to appropriate intervals.
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Activities
1. Performance Evaiuation Audits (PEAS)

All scheduled PEAs were performed for the following:

Paramnagnetic oxygen scnsors

Fyrite oxygen analyzers

Aldehydes

Trace metals

PAHs

VOST ‘

Dry gas meter/standard orifice

S0, and NO, (ABB SNOX monitors)

& & & & & & & a

The results of the paramagnetic oxygen sensor PEA, the Fyrite oxygen analyzer PEA,
and the CEM PEA are shown in Tables 1 through 3. Chester Environmental's dry gas
meter audit results were within 2 percent of the standard critical orifice measurements.
Banelle's dry gas meter audit data had not been received as of August 2, 1993, Sandy
Anderson, the QA Officer, was contacted concerning the missing information.

2 Technical Systems Audits (TSAs)
Because of plant operational problems, not all sampling trains were abserved;
however, all basic activities including traverses, glassware and train preparation, and
recoverics were observed. Recovery of material from the cyclones was not observed

because the anditors were not present on an inorganics test day. Some additional
calibration data not present at the site were requested.
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nnel
Name

Robert Evans
George Sverdrup
Paul Webb

John Kelly
Debbic Smith
Joe Tabor

Raj Rangaraj
Sandy Anderson
John Hilborn
Mark Grunebach
Timothy Cassell
Jim Flanagan
Lori Pearce

t D

ing Site Visit
Organization

DOE
Bauelle
Batielle
Battelle
Battelle
Banclle
Battelie
Battclle
Ohio Edison
Chester Environmental
ABB

RTI

RTI
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(614) 424-5014
(614) 424-5014
(614) 424-3495
(614) 4244114

(614) 424-5220
(216) 384-5768

(216) 652-4881
(919) 541-6417
(919) 541-7182
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TABLE 1. PARAMAGNETIC OXYGEN SENSOR PEA RESULTS

RTI Banelle % Difference*
(Audit Standard)

Model 570A Serial No. X-48490
Zero 0.0 0.2 -—
(pure Nz)
O, (%) 921 9.10 -1.20
Model 580A Serial No. X-43454
Zero 0.0 0.0 -
(purc N,)
02 (%) Q21 9.00 -2.30

Acceptance limits were not provided in the QA Plan. A reasonable acceptance limit of
% 10% was used by RTI in evaluating the PEA data.

TABLE 2. FYRITE OXYGEN ANALYZER PEA RESULTS

RTI Chester % Difference*
(Audit Standand) Environmental

Set #1
Zero 0.0 0.0 —
(pure N,)
0, (%) 9.21 7.00 -240
Set #2
Zero 0.0 0.0 —_
(pure N,)
0, (%) 9.21 8.95 -2.82

Acceptance limits were not provided in the QA Plan. A reasonable acceptance Limit of
1 10% was used by RTI in evaluating the PEA data.
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TABLE 3. SNOX CEM AUDIT RESULTS

RTI ABB % Differcnce®
(Audit Standasd)
0, (%) 9.21 9.02 210
| s0, (ppm) 1549 1555 0.40
NO, (ppm) 815 810.5 0.55

Acceptance limits were not provided in the QA Plan. A reasonable acceptance limit of

% 10% was used by RTI in evaluating the PEA data.

10
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to
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INTERNAL AUDIT REPORT
on

A STUDY OF TOXIC EMISSIONS FROM THE
NILES STATION BOILER NO. 2 AND WSA-SNOX PROCESS

INTRODUCTION

This report summarizes the audit activities conducted on-site at Ohio Edison's Niles
Station WSA-SNOX demonstration project and at Battelle Columbus Laboratories from the
time period of July 19 through October 11, 1993. As Project Quality Assurance Officer
(QAQ), I observed field sampling and laboratory activities which were compared to
descriptions provided in the Management Plan for 'Study of Toxic Emissions from a Coal-
Fired Power Plant Demonstrating the ICCT WSA-SNOX Project and a Plant Utilizing an
ESP/Wet FGD System’ (DOE Contract DE-AC22-93PC93251) dated June 21, 1993, and the
*Final Niles QA/QC, Sampling, and Analytical Plans', dated July 17, 1993, under the same
contract number. |

During these observations, I recorded detailed notes which are summarized on the
attached Checklists including general information (date, place, time, what, who), a brief
narrative account, sample collection and related procedures, comments and recommendations.
All of the recommendations were discussed in real-time with either the Project Manager,
Assistant Project Manager, Field Sampling Manager, or Analysis Leader as soon as possible
after the observation. Corrective action was implemented in most instances before the QAO
left the inspection site or within a reasonable time length thereafter.

Y

SUMMARY

Field and laboratory inspections conducted during Niles Station, SNOX Process
Power Plant activities indicated that, for the most part, the QA/QC Plan of July 17 was being
followed as written, or according to formal, written deviations as described in "Technical
Note, Volume 1 of 3 - Sampling’ dated November 1993. These deviations were initiated
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cither as a need for corrective action or because the technical and physical demands of field
and laboratory operations precluded adhering to the original QA/QC Plan.

On-site field observations included: sample tracking, custody, storage, and shipping
procedures; in-process sampling at Locations 20, SCR Reactor Outlet; 19, Baghouse Outlet;
and I8, Baghouse Inlet. SNOX Process sampling was observed at Locations 1 (Boiler Feed
Coal), 24 (Baghouse Ash}, and 22 (Sulfuric Acid). Various sampling train recovery and
preparation procedures were also observed.

The Battelle QAO also served as a point of contact, along with the Project Manager
and Field Sampling Manager, for RTI personnel conducting an independent field audit on
July 20-21, 1993. In the absence of the Field Sampling Manager, subsequent to the field
sampling phase, the QAO provided the following to RTI Auditor L. Pearce: type S Pitot
tubes calibration sheets dated July 13; completed Multimetals Train data sheets from
sampling Location 19 (Run N-19-MUM-722) as requested by RTI's Jim Flanagan; nozzie
calibration data forms dated 06/12/93 and 07/26/93, including one for Chester nozzle 54; and
continuous instrument calibration data forms for Servomex 580A instrument (dated 07/24/93)
and Servomex 570A instrument (dated 07/20/93). These are described in a letter to Ms.
Pearce dated August 9, 1993, .

Laboratory observations included: sample receipt, log-in, custody, and storage
procedures; PAH/SVOC liquid samples extraction and concentration; systems audit of VOC-
Canister sample receipt and analysis; anion analysis by ion chromatography and data
tracking; PAH/SVOC liquid samples preparation; PAH/SVOC gas and liquid samples, filter
preparation; PAH analysis by GC/MS and Dioxin/Furan analysis by GC/MS.

Following is a sequential account of Niles Station SNOX Process audit activities, each
with a brief narrative and QAQ’s recommendations when applicable. For detailed records,
dated observations recorded on either the Field Inspection Checklist or Laboratory Inspection
Checklist should be consulted.
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Sampling Day 02, 19 July 1993:

Observations: Process Sampling for Boiler Feed Coal at Location 1. Half-hour
process samples were collected from each of the coal feeders with a painted, metal scoop
into a cleaned coffee can and subsequently emptied into a plastic bag for compositing.
Random-sized coal pieces are left in the sample collection. Impinger and train recovery
procedures were observed for cyanide and multimetals, Location 19 baghouse outlet; and
particulate filter recovery for Location 18, baghouse inlet. Impingers and trains arrived at
the recovery sites on ice and connections were wrapped with tape when applicable. Rinsing,
container, and collections procedures followed the QAP; Method 29 filter holder was brushed
and wiped out, and reloaded for use at the same site location. Container labels and chain-of-
custody forms were completed. Location 20, SCR reactor outlet, in-process sampling
conducted by Chester staff, was observed as well as the sample preparation trailer used by
the subcontractor team. Honzomal traverses as well as temperature and meter readings were
noted.

Recommendations: Use of a painted scoop for boiler feed coal samples was discussed
with the on-site Project Manager. Niles staff were requested to provide overnight sample
custody for collected samples and to initial the last day’s collection on the data form for
traceability. Excursion from the QAP pg. 5.2-18 description of collecting into *precleaned
glass bottles® must be addressed as a deviation. Sample custody and transfer must be
clarified for times when samples are being transferred and the designated sample custodian is
fulfilling sample collection obligations (three times daily samples for baghouse ash, Location
24). Individuals responsible for train recovery should also be clearly identified. Data sheets
from sampling locations were observed with either no clock times for start/stop or names
recorded were noted and this was discussed with the field sampling manager immediately.

Issues above were discussed during the second sampling day with Project Manager
Sverdrup and Field Sampling Manager Tom Kelly. A formalized list of deviations was to be
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initiated and will be updated as needed, to describe departures from the QAP and the impact
of the changes on the study.

Response: The deficiencies in documentation of data sheets, sample recovery, and
sample custody were addressed immediately following the QAO’s comments by directions
and reminders to the pertinent staff in the field. The coal collection device caused no
contamination of the coal sampies, due to the large sample size collected and the lack of
damage to the device itself. Use of plastic bottles has been noted as a deviation from plan in
the Draft Final Reports on the Niles sampling.

Cangceled Sampling Day, 20 July 1993:

Observations: Process sampling from baghouse ash Location 24 was observed early
in the day. However, because of sampling program cancellation due to plant problems, this
was the only process sample collected on this day. Time was dedicated to the accommoda-
tion of the RTI performance audit activities. This included oxygen metey checks with
standard cylinders provided by RTI; spiking of XAD-2 traps and filters; initiation of dry gas
meter audits for Locations 18 and 19, using an EPA standard orifice supplied by RTI. A
detailed examination of the sample processing, custody, and shipping procedures was
conducted by the Battelle QAQ,

Recommendations: There was no standard calibration form available on site for
cither Battelle or the subcontractor on which to record results of the RTI audit. Discussed
data entry correction procedure with the Field Sampling Manager to eliminate obliterations of
corrected values on sampling data forms. Situation was discussed with the custodian and
train recovery leader in which filters prepped after recovery late on 07/19 were properly
stored and labelled but were not logged onto the chain-of-custody form by mid-day of
July 20.

Response: Further discussions were held with field staff responsible for the sample
documentation and custody. The minor lapses still found in these areas were due to the

conditions of ficld work and the large numbers of samples being logged in,
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Sampling Day 03, 21 July 1993:

Observations: RTI staff continued the conduct of their performance audit. The =
Battelle QAO reviewed sample packaging and shipping procedures. “Cold” samples such as
impinger solutions, XAD-2 traps, VOCS and SVOCs are shipped out daily on ice via
courier. Process coal and preserved samples are shipped back to labs at the conclusion of
sampling. VOC SUMMA canisters are shipped out within 24 hours of collection. All
sample container labels are covered with clear tape, the containers wrapped in bubble wrap -
and double plastic bags for shipment. Receipt and temporary storage of Chester VOST tubes
were observed. Baghouse inlet sampling at Location 18 was initiated with a dry gas meter
calibration ongoing while the sampling team was setting the probe in place for the first of 22
vertical traverse sampling points. The second sampler was setting up for a horizontal
traverse. Baghouse outlet sampling at Location 19 included setting up of the Nutech Stack
Sampler, a critical orifice check and set up of the aldehyde impinger on the lower piatform.
The vertical traverse probe was already set up for the first sampling point. Transfer of
SUMMA canisters to Locations 18 and 19 with chain-of-custody forms and cross check of
canister identification tags were noted (88-044, 89-005, 88-033). Sulfuric acid sampling at
Location 22 by ABB staff was observed from the tank under the SNOX tower. The sample - 5
was collected into a precleaned and labelled amber lass bottle and constituted the daily ;
sample. RTI's spiking of two aidehyde trains was noted.
Recommendations: There were no additional recommendations for sampling day 03

’

observations.

A verbal debriefing was conducted by RTT and included the following highlights:
Battelle is using bottled DI water that does not meet method requirements for ASTM Type II
water, Even though blanks are run, consideration should be given to using bottled ASTM
water. There is concern over use of a painted metal scoop for the coal feeder Location 1
process samples. The oxygen analogue meter was noted to be out of specified calibration
ranges. There are differences in the aldehyde train connections: Battelle uses dry
connections and a different sized impingers than Chester, which uses Teflon tape on ground
glass joint connections. Fyrite tubes Chester is using must have a once/day standards check
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for accuracy.  Additional minor points included whether quartz or glass filters were used
for dioxin sample collection since the QA Plan didn’t specify, and a question as to how glass
end caps for. sampling trains were stored during sampling.

Response: Most of the items noted in the RT] debriefing have been addressed in the
Draft Final Reports on the sampling studies conducted at the Niles-SNOX and Niles Boiler
No. 2. In both reports, responses to the RTI comments are presented in Appendix B:
Auditing. Quartz fiber filters were used for all sampling. Glass end caps were covered in
aluminum foil or kept in plastic bags during sampling.

Sample Rece; Log-in. July 20, 1993

Observations: Samples for N 5a MUM 727, N 4 MMS 728, N 13 PRL, and N 8
PRS samples were tracked from evening delivery to the Battelie lobby, transfer by the
Laboratory Sample Custodian to the receipt and log-in area, to final storage locations prior to
preparation and analysis. Three coolers and seven boxes of liquid, solid, and filter samples
were cross-checked between oontainer label information and completed chain-of-custody
forms prior to being logged into the custodian’s record book.

Recommendations: Several discrepancies from the sampling aspects of the QA/QC
Plan were noted and discussed with the Custodian and the Field Sampling Manager. Certain
of these are to be addressed as deviations to the QA/QC Plan; others for which subsequent
data were completed to assure traceability of samples and completeness of the sampling
record, should be addressed for future studies by more vigorous training of field staff prior
to departure for the sampling site. QAP pg. 5.2-22 specifies 4-liter bottles for collection of
samples from Locations 9, 10, and 13. 500-ml amber glass bottles of samples were received
from these sites. Location 9 'river water’ is referenced as 'makeup water® in the QAP.
Sequential samples for N 13 PRL 729 and others were noted with identical labels for all four
containers. Subset identifiers should be added for traceability for this type of replicate
sampling, which is not spelled out in the QAP. Discrepancies in sampling times between the
container labels and completed chain-of-custody forms varied from a few minutes to an hour.
Certain sampling team members used only their first names on forms and labels. The
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Laboratory Sample Custodian documented labelling and sample container discrepancies on
both the custody form and the sample record logbook.
Response: As noted, some discrepancies were observed in documentation of samples. : -
However, all such discrepancies were resolved in the chain-of-custody review process prior
to sample analysis, and all samples were identified and accounted for. Improvements in the
sampie numbering scheme will be made in any future work. The collection of liquid samples
is noted as a deviation from plan in the Draft Final Reports on the Niles sampling efforts.

F

Observations: Method 3510 was followed for extraction, pH adjustment, spiking, and
concentration. Spiking and surrogate solutions are traceable to neat stocks. Samples were
labelled properly through the 2-day process and custody procedures observed through final
transfer to the analyst. N 9 PRL 730 samples for pond water, river water, trip, and field
blanks were tracked for this observation.

Recommendations: There wm no recommendations for these observations.

YOC-Canister GC/MSD Analysis, 05 August 1993: .

Observations: A system audit was conducted of VOC-canister analysis, from transfer
to the analyst by the Lab Sample Custodian, instrument calibration with a 42-component
NIST-traceable standard, sampie analysis, data acquisition and review, and transfer to
canisters for recleaning. VOC canisters are shipped within 24 hours of field collection and
the analysis is initiated the next moming after sample receipt to maintain the holding time -
limitation of 2 days. ‘
Recommendations: Clarification of using a 42-component, rather than the QAP p.
4.1-14 ’containing the 41 target compounds® should be added to the study record. This is not
technically a deviation, however,
Response: The cylinder used for calibration contained 42 compounds; however, for
this study, only 41 compounds were targeted for analysis.
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Ion Chromatography Analysis. 11 August 1993:

Observations: Process water samples from 728 are received in 40-ml amber vials and
the labels checked to the chain-of-custody form copy. Twofold dilutions of samples are
made using a calibrated autopipettor. Standard, calibration, and spiking solutions are
traceable to a separate logbook. EPA Method 300.0, December 1989, is used as a guideline.
EPA PE Standard WP029 is used as an accuracy check solution for Dionex instrumentation.
Sample custody is documented from receipt through analysis. The analyst reviews generated
data and sets up a data file for each set of samples that includes: Final Anion Report,
Summary Report, Calibration Plots, Duplicate and Spike Data, Standards Prep Data,
Analysis Conditions and Chromatograms.

Recommendations: Minor clerical traceability issues were discussed with the analyst.
Reference to the specific method guidelines used and brief description of the sample
preparations should be added to the study record book.

Response: Reference to specific method guidelines and a description of the sample
preparation procedure were added to the study record book.

PAH/SVOC Gas and Liquid Filter P ion. 20 4 1993:

Observations: N F 730 samples for Locations 5a, 5b, and 4 were observed from
initial custody transfer, through column chromatography, extraction, spiking with internal
standard, concentration, and storage until analysis. Chromatographic reagent preparation and
glassware preparation were discussed with the analyst. Sample labels reflect identity
throughout the process and tracking documentation is also described in the study record
book.

Recommendations: Calibration of the storage refrigeration unit thermometer was
suggested, as well as a Jock on the freezer where sample extracts are stored. The latter
suggestion was implemented within the next day or two and alleviated the problem of
unassured sample custody after working hours caused by a faulty door lock in the laboratory

area.
Response: The storage refrigeration unit thermometer was calibrated as suggested.
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PAH Analyas by GC/MS, 20 August 1993

Observations: Tuning, calibration, and analysis of the first sample extract was <
observed. A Battelle Facility SOP describes the analysis using the Finnegan MAT TSQ
GC/MS. The instrument logbook records the sample ID, file ID, and laboratory record book
reference number. Freezer for instrument standards is monitored. Sample analysis flow
- begins with an instrument tuning run, standard, standard, sample, sample, sample, standard
at end of the run. The Lab Analysis Manager determines when corrective action is needed
and also performs the action. Third party review of data and spreadsheet is performed
before transfer of data for reporting.

Recommendations: No recommendations were made for this observation.

Dioxin/F lvsis by GC/MS. 11 October 1993

Observations: Samples are stored in a monitored freezer from transfer through
analysis. MMS5 Site Sa filter was tracked as a filter extract from the prep logbook to the
Mass Spec logbook. Sample custody and transfer is also documented in the Dioxin Lab
sample logbook. Five point recalibration is performed initially for the dioxin analysis, with -
continuing calibrations being performed at periodic intervals. Calibration standards are made
up by the Standards Custodian from commercially available standards, as are window mix
and coiumn performance checks. The MS logbook documents operating parameters, as well
as file ID, Lab ID, sample ID for cross reference, injection volume and clock time of
injection. Instrument used is VG Analytical HPS890A GC, and 11-250] computer which was
last validated on 07/07/93, according to the facility SOP. Sample analysis flow begins with
performance checks, calibration, decane blank, samples (including QC), and calibration point
at the end of the run,

Recommendations: No recommendations were made for this observation.
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APPENDIX C



C-1. Introduction

The purpose of this Appendix is to summarize important aspects of the field
sampling effort at the SNOX process that may not be adeauateiy covered elsewhere. The
actual schedules and sample recoveries achieved in the field are described in sections 1
through 3 of this report. This Appendix provides further detail on the procedures used in
sampling, recovering, and storing samples from flue gas, solid, and liquid streams. This
information is intended to supplement that provided in the QAPP for this project.

C2. R  Materials P i

The sampling conducted at SNOX process required a variety of chemical reagents
and sampling materials, which were prepared or provided either by Batislle or by Battelle’s
subcontractors. All of the chemical reagents needed for flue gas sampling and sample
treatment were prepared by Battelle, and distributed to Chester Environmental sampling
personnel as needed. The purpose of this approach was t0 minimize sampling variance by
using reagents from a single source. The list of reagents inciuded acidified peroxide and
permanganate for the Multi-Metals trains, carbonate/bicarbonate solution for the anion trains
(Method 26A), 0.1 N H,SQ, for ammonia collection, 0.1 M NaOH for cyanide collection,
and acidified 2,4-dinitrophenylhydrazine (DNPH) for aldehyde coliection. These reagents
were made up on-site from high purity starting materials, including deionized water, or were
prepared from concentrated stock solutions brought from Battelle, when reagent stability
made that approach appropriate. All reagent solutions were made up fresh on the day of
sampling and distributed to Chester personnel.

Various rinse solutions were also brought to the site or made up by Battelle, for use
in recovering samples from the various trains. Those brought to the site were deionized
water, acetone, acetonitrile, and 50/50 methanol/methylene chloride. Rinse solutions made
up at the site were 0.1 N HNO, and 8 N HCl. These solutions were supplied to Chester

staff as needed.



Sampling maicerials were provided both by Battelle and by subcontractors. Materials
provided by Battelle were Summa polished sampling canisters for VOC’s, filters for all flue
gas sampling runs except the HEST, and cleaned XAD resin for all SVOC sampling by
Modified Method 5. The XAD was obtained and cleaned by Battelle, and was used to fill
sampling glassware of different designs for Battelle and Chester. The filters provided by
Battelle included 87 mm diameter for Battelle's ﬂ.ue gas sampling, 104 mm diameter for
Chester’s hot flue gas sampling, and 203 mm x 254 mm (8 in. x 10 in.) for Chester’s PSDS
sampling. All these filters were high purity quartz fiber. Filters used for SVOC sampling
were muffled and stored in muffled aluminum foil before use. Filters used for Multi-Metals
and particulate mass measurements were weighed under constant conditions before shipment
to the field. Battelle aiso supplied pre-cleaned containers for most of the flue gas and
solid/liquid samples.

Other sampling materials were supplied by subcontractors. Chester supplied pre-
cleaned VOST traps for use by both Chester and Battelle, and provided HEST carbon-
impregnated filters and associated quartz particulate pre-filters for both groups. Chester
provided cascade impactors and the necessary stage components for particle size
determinations at Locations 5a and 5b. Zande Labs provided pre-cleaned 40-ml vials for
headspace-free collection of liquid samples for VOC analysis.

C-3, Sample Preparation

The Battelle and Chester field sampling teams prepared their own respective
sampling trains using the reagents and materials described above. Within each of the Battelle
and Chester field teams, a single staff member was designated the Sample Recovery Leader.
That person, and only that person, directed and approved the preparation and recovery of
sampling trains. Each group used their own laboratory facilities on-site, as described below:

e Bartelle's field laboratory is a 40-foot air conditioned semi-trailer equipped with
a side entrance door and an electrically operated platform lift at the rear double
doors. The trailer accepts 100 A of 125 V/250 V AC power by hardwiring to a
transformer or switch box. This trailer served as the primary contact point for

C-2
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Battelle and Chester staff, and was used for meetings among project personnel
to review the previous day’s activities and plan for the current day. Such
meetings were especially necessary on the 6 sampling days, but were useful in
the setup and shutdown phases of the field effort.

e Two 28-foot rental trucks equipped with side entrances were used by Battelle
staff for preparation of flue gas sampling equipment and for recovery of some
samples. The two trucks were equipped with tables, storage areas, and a desk
for equipment setup, and sample recovery. One of these trucks was used as the
sample recovery area for aldehyde samples gnly. This arrangement minimized
contamination of aldehyde samples by acetone used in other activities.

e Chester Environmental’s field laboratory was a laboratory trailer approximately
15 feet long, and equipped with lights, air conditioning, storage, and work
areas. The laboratory trailer was used by Chester for preparation of sampling
equipment, cleanup, sample recovery, and sample documentation tasks.

The facilities described above were positioned close to one another near the
stack and the SNOX demonstration project at the SNOX process. That location was roughly
centrally located among the various flue gas and process sampling locations. In addition,
two commercial compressed gas tube trailers were positioned near the base of the Boiler
No. 2 stack. Those trailers were obtained by Chester, and supplied the N, and O, needed as
diluent gas in the plume dilution sampling at the stack.

Written procedures for reagent and train preparation were provided to field staff,
and were posted in the train preparation areas of the Field Facilities. Copies of those
documents, which included sample recovery as well as preparation procedures, are included
at the end of this Appendix. All sampling reagents and trains were prepared under the
direction of the Sample Recovery Leader. Every flue gas sampling train was accompanied

. by a chain-ofcustody form specific for that sample and sampling location, from the moment

the train was assembled. That custody form remained with the train throughout sampling,
and was returned to the field laboratory with the train once sampling was completed. That
same form was then used during sample recovery and documentation procedures.



€ 4. Sampling Methods

Table C-1 presents a summary of the chemicals measured, the type of samples in =
which each chemical was measured, and the sampling methods used for each.

The sampling methods used were detailed in the QAPP for this study. Brief
descriptions of the sampling methods are as follows:

USEPA Method 29 (Draft June, 1992) - Multiple Metals. Method 29 is designed
10 determine emissions of metals from stationary sources. In Method 29, flue gas is
withdrawn isokinetically from the source, with particulate emissions collected on a heated

L

quartz filter and gaseous emissions collected in a series of chilled impingers. The series of
impinger consists of two impingers containing a solution of dilute nitric acid and hydrogen
peroxide, and two impingers containing a solution of dilute potassium permanganate and
sulfuric acid.

A series of two glass cyclones preceded the pre-weighed quartz filter at the ESP
inlet to provide size cuts of > 10 um, 5-10 um, and < § um in the collected particulate
matter. These cyclones were located in the heated sampler box along with the particulate
filter. Thus the 10 um and 5 um cyclones replaced the single 10 um cyclone normally used -
in the Method 5 type train. The cyclone cut points were based on 2 computer program used
to design the cyclones. Insufficient time was available before the study to conduct
confirmatory tests of the cyclone cut points.

Method 29 sampling at the baghouse inlet was modified to include the use of a
flexible, heated, Teflon sample line connecting the probe to the heated cyclones and filter.
The flexible heated line, which aliowed the vertical sampling required at that location, was
made of 1/2 in. diameter, thick-walled, smooth bore Teflon tubing and contained a
temperature monitor. An empty impinger was used in the train for condensate drop-out.

A Method 26A - Particulate Matter, Hydrogen Chloride, Hydroger -
Fluoride. Sampling was conducted along the general procedures of EPA Method 26A,

with adaptations to the guidelines of California Air Resources Board (CARB) Method 421 in

the collection solution employed. Method 26A is designed to determine particulate matter,
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and hydrogen halides in the absence of other chloride-containing volatile species. It is
suitable for combustion sources where the primary source of chloride is the dissociation of
chlorinated organic compounds. In the present study this method was be used to determine
HF/HC] and their corresponding particulate anjons, as well as particulate SO, and PO,

A sample of flue gas is withdrawn isokinetically from the source, with particulate
emissions collected on a heated filter and gaseous emissions collected in a series of chilled
impingers containing a solution of sodium carbonate (1.8 mM) and sodium bicarbonate (1.7
mM). The method was used in this study in a single-point, nontraversing mode. The use of
carbonate/bicarbonate solution as the collecting medium for HC] and HF followed the
guidelines of CARB 421. The solution was prepared by a 1:1000 dilution of stock solution
in the field. The same solution was used for rinsing of the probe and filter holder after
sample collection. An empty impinger was used at the front of the chilled impinger train to
collect condensed water from the stream. The collected condensate was saved as a sampie
fraction for chemical analysis.

" USEPA Method 23 - Semivolatile Organic Compounds. Method 23 is designed to
determine specifically dioxins and furans. In this study, Method 23 was adapted, according
to Modified Method 5 guidelines, to measure polycyclic aromatic hydrocarbons (PAH).

Thus Mecthod 23 as referred to in this document is a modified method for measurement of
PAH and other SVOC.

In addition, whole air samples were collected from the Method 23 train in SUMMA
polished canisters, to determine volatiie organic compounds (VOC). Samples for VOC were
taken with both SUMMA canisters and VOST (volatile organics sampling train) for
comparison of the two methods.

Glass cyclones were used in the Method 23 train as described above for the Multi-
Metals train. At the ESP inlet the method employed a flexible heated Teflon sample line
connecting the probe to the heated filter. The flexible heated line, which allowed the vertical
sampling required at this location, was made of 1/2 in., thick-walled, Teflon tubing and
contained a temperature monitor.

C-7



Canister Method - YOC. The SUMMA samples were taken directly into evacuated
stainless steel canisters. The samples were taken from a tee in the Method 23 train between
the condenser and the XAD-2 cartridge for the Chester samples, and were taken from a tee
upstream of the integral condenser/XAD unit in the Battelle train. Each canister was .
equipped with 2 manual valve to maintain vacuum until sampling is initiated. A flow orifice
was sized and installed in the sampling line (Teflon) between the tee and the canister valve,
to provide a time integrated sample. The orifice was sized to allow the canister to fill over a
one-half hour period. The Chester tee fitting was designed so that water condensing in the
main air flow to the XAD-2 cartridge was separated by gravity from the small air flow
(approximately 200 cm®/min) flowing to the canister. This arrangement prevented water
from clogging the flow orifice in the canister line. In the Battelle train, a glass midget
impinger containing hydrogen peroxide solution was placed in an ice bath, and served to
condense out moisture and remove SO, in the flow line upstream of the orifice. Each
canister connection had a compound pressure/vacuum gauge attached. This gauge was used
to measure the initial canister vacuum, monitor canister pressure during sampling, and record
the final canister pressure after sampling. Three canister simples were taken (approximately
simultaneously with three VOST samples) on each organic sampling day.

YOST. VOST samples for volatile organic analysis were taken with a Graseby-
Nutech 280 Volatile Organics Sampling Train (VOST), or equivalent. Sampling was
conducted consistent with the procedures of SW-846 Method 0030 which provides for the
collection of volatile organic compounds by adsorption onto Tenax and Tenax/charcoal
sorbents, and with the guidelines stated in the VOST manual (Graseby-Nutech, Durham,
NC). The standard VOST consists of a glass-lined probe followed by an isolation valve, a
water-cooled glass condenser, a sorbent cartridge containing Tenax (1.6 g), an empty
impinger for condensate removal, a second water-cooled glass condenser, a second sorbent
cartridge containing Tenax and petroleum-based charcoal (3:1 by volume; approximately 1 g
of each), a silica gel drying tube, a calibrated rotameter, a sampling pump, and 2 dry gas
meter. The gas pressure during sampling and for leak-checking was monitored by pressure
gauges which are in line and downstream of the silica gel drying tube. In this study, the
Tenax/charcoal sorbent traps were augmented with a combination of modern carbon-based

C-8
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sorbent materials (Carbosieve, Supelco, Inc.). This approach enhanced collection and
recovery of a variety of volatile organics from the flue gas streams.

Each VOST run consisted of three samples, each of which comprised a pair of traps
in the VOST system. The three sampies were taken over periods of 5, 10, and 30 minutes,
at a flow rate of 0.5 L/min. Each VOST sampie was run during the same time period as the
SUMMA canister samples collected from the Method 23 train.

Impinger Sampling. Sampling for gaseous aldehydes, cyanide, and ammonia was
conducted using a series of impingers downstream of a Method 26A type train operating at a
single point (i.e., nontraversing) in the flue gas flow. The front half of the train consisted of
a glass nozzie, glass heated probe, and a heated quartz fiber filter. The back half of the train
was a separate set of impingers prepared for each of the analytes listed above, and changed
out sequentially over the course of each sampling day at intervals corresponding to the
appropriate sampling times.

The aldehyde samples were taken after the general provisions of EPA Methods 0011
and TO-5 and APHA Method 122 (Aldehydes in Ambient Air and Source Emissions). The
sample were collected nonisokinetically, and the filter was not analyzed for aldehydes. The
first impinger was an empty condensate collector, and the next two impingers contained an
acidic 2,4-dinitrophenylhydrazine (DNPH) solution in which aldehydes in the sample are
converted to form stable DNPH derivatives. These were followed by a silica gel impinger
and a pump and metering box. The aldehyde samples were run for 1 hour at a flow rate of
1.0 L/min.

The sampling train used for ammonia and cyanide contained a filter to collect
material for radionuclide and residual carbon analysis. Sampling was isokinetic at a single
point. The cyanide samples were taken after the general provisions of APHA Method 808
(Determination of Cyanide in Air) with an impinger train, as those described above, but
containing a dilute sodium hydroxide solution to collect gaseous cyanide and retain it in ionic
form. The sampling time was about 1 hour.

The ammonia sample was also taken with an impinger train after the provisions of
APHA Method 401. The train was similar to those described above, but contained a dilute
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sulfuric acid sojution. Ammonia in the sample gas is conver.ed and retained in the impinger
solution as ammonium sulfate. The sampling time was about one-half hour,

The need for analysis of the filter in Method 26A for F and CI dictated a large
sample flow for that method. Replacing impingers for HF and HC] with those for ammonia,
and cyanide readily adapted Method 26A to sampling those constituents as well, but required
use of standard glassware and reagent volumes. Consequently, sampling for gaseous
ammonia and cyanide employed full-size Method 5 glassware, with sample flow rates of 10-
15 L/min. A single particulate filter was used throughout the sampling of ammonia and
cyanide in sequence, to maximize the particulate sample collected for radionuclide and
residual carbon analysis.

HEST. The Hazardous Element Sampling Train (HEST) was used to determine
volatile elements at the flue gas sampling locations. The HEST sampler consists of a filter
pack with a stainless steel support screen, and three 47-mm filters. The air flow entering the
HEST sampler first encountered a quartz filter for particle collection, followed by two
charcoal impregnated filters for collection of volatile elements (arsenic, mercury, selenium).
The first impregnated filter is for collection of the volatile elemeats, and the second allows
checking for breakthrough. Because only volatile elements are of interest, the HEST was
used for nonisokinetic, single point sampling.

Particle Size Determnination. Giass cyclones were used to classify and collect
particles by size at Location 18, the baghouse inlet. Pilot Model Mark III cascade impactors

were used to determine particle size distribytions in sampling at the baghouse inlet and
outlet. The impactors had an inlet, seven impactor stages, and a back-up filter. The
impactor performs acrodynamic sizing by routing the sample through a series of bends of
increasing sharpness and jets of diminishing diameter. As the gas passes through the
impactor jets, aerosol particles, which due to inertia cannot follow the gas flow stream, land
on glass fiber filters attached to back-up plates. The smaller particles remain in the gas
stream, continuing on to the next stage. With each successive stage, the mean diameter of
the particies decreases down to the final back-up filter, which screens out all remaining
particulate. The actual aerodynamic cut size per stage depends on the velocities of the gas
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through the impactor. All impaction substrates and the backup filter were of Reeve-Angel
934 AH glass fiber mats. This material is reported to have very low characteristics for
absorption of SO,/SO,.

A summary of the testing methodology follows:

1. Isokinetic sampling rates, nozzle size and sampling times were calculated based
on preliminary velocity, temperature and moisture characteristics.

2. The units were assembled and sealed in a clean area, transported to the sampling
location, attached to the sampling probe and train, and tested for leakage at
15 in. Hg vacuum.

3. The sampling head was then pointed downstream for a minimum of 10 minutes,
to allow the assembly to warm to stack temperature. The assembly was then
turned 180 degrees to begin sampling. The sampling consisted of a single point
sample, collected isokinetically at a point of average flue velocity.

4. After the sample was collected, the sampling head was removed from the stack,
disconnected from the sampling probe, sealed and transported 1o a clean area for
disassembly and sampie recovery. Collection plate filters were removed stage
by stage using tweezers and placed in separate, labelled petri dishes. The jet
stages were examined and any blocked jets cleaned.

3. The petri dishes were sealed for transport to Chester’s laboratory for gravimetric
determinations. The sampling head was then reassembled for the next test.

C-5. Sample Storage and Recovery Procedures

Flue gas sampling trains were returned to the field laboratories after sampling for
sample recovery by the Sample Recovery Leader. Sample recovery areas were off-limits to
all but those staff involved in the actual preparation, recovery, and documentation of
samples. Sample recovery was generally done after the completion of all sampling for the
day, and after sampling staff had left the site. This further minimized interference in the
sample recovery process. Sample recovery procedures were set out in single-sheet protocol
forms, that detailed the train preparation and sample recovery steps for each train. These
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forms were distributey to sampling staff and were posted at each sample recovery area in the
field laboratories.

Samples recovered typically involved several portions or fractions of various types,
or intended for various purposes. Samples were preserved and stored under conditions
appropriate for the sample type. Table C-2 summarizes the preservation and storage
conditions for various samples. Sample preservation consisted of adjustment of pH for liquid
or impinger samples. Most samples were refrigerated in the Battelle field facility (4 C), or
were stored at room temperature in shipping boxes ready for transfer to the analytical
laboratory. The Modified Method § (Method 23) particulate filters were stored on dry ice in
the field to maintain the -78 C temperature indicated.

Although as Table C-2 indicates holding times for the coliected samples were quite
long, in practice some samples were returned to the analytical laboratories immediately after
collection by daily express shipment from the plant site. Those samples included liquid
samples for anions, VOC, and SVOC, Summa canisters, VOST cartridges, and (when space
was availabie) impinger sﬁmples from flue gas trains. Other samples were returned to
Battelle with the field facilities at the end of the study. Chain-of-custody forms accompanied
all samples at all times during storage on-site at Niles, and during shipment. A Battelle staff
member was designated to serve as Chain-of-Custody officer at Battelle for samples sent
back or brought back from the field study. That staff member had complete control over
access to samples at Battelle, and distributed samples to the appropriate analytical staff only
after cross-checking of chain-of-custody forms.

C-6. Sampling QA/QC

Quality assurance activities in field sampling included collecting samples of all
reagent and rinse solutions, including deionized water, for use as reagent blanks. Method
blanks were also collected, by preparing a complete sampling train, exposing it to the normal
handling and transport procedures used before and after sampling, and recovering the train
without sampling of flue gas. This procedure exposes the train to potential sources of
background contamination as in normal sampling. In addition, specific QC procedures
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TABLE C-2. PRESERVATION AND STORAGE REQUIREMENTS

Preservation
Analysu™ Requirements
Bulk Solid Sampies Elements, F-C-P one Room Temperature 30 days
VOC one Room Tempersture 30 dayn
U/P, RAD one Room Temperature 30 days
'Liquid Samples Dissolved truce clements [HNO, to pH <2 Room Teimpersture 30 days
Total trace cloments HNO, to pH <2 Room Tempersture 30 days
Anions None 4*C 14 days'*®
vOoC [No beadspace 4°C 14 dayr™
vOC None 4°C 14 days™*
CN NaOH o pH >12 4°C 14 days
NH, H,S0, to pH <2 4°C 14 days
Method 29 Train
Impinger Solutions [Trace Elemonts HNO, to pH <2 4*C 30 days
Particulate Filer Trace Elements None Room Temperature 30 daya
Meathod 23 Train
XAD-2 Resiny VOC Nonc 4°C 28 days
Pasticulste Filter SVOoC None -18°C 28 days
[Summa Canister voc None Room Temperture 2 days*?
Aldchyde Impinger Train |Aldchydes None 4°C 28 days
BHEST Sampies |Hg, As, Se ]None 4°C © months
Ammonia Train Impinger |Ammonia None 4*C 14 days
ISolutimu. Liquids
i CN None 4°C 28 days
[HF, HCI None %°C 28 days
Method 26A Train Fiker |SO, PO=, F, CI
VOC 14 days
e S —

(a) F-C-P = Fluoride, Chloride, Phosphate
SVOC = Semi-volatile Organics
VOC = Vplatile Organics
RAD = Radionuclides
UP = Ulimate/proximate coal anslyses.
C = Carbon.

CN = Cyanide.
NH, = Ammonia.

(o) Extracted within 14 days, analysis within 40 days of extraction.
(c} Samples were returned 1o Battelle within 24 hours after collection in the field.

(4) Liquid samples were analyzed as soon as possible for phosphate to minimize degradation of this analyte in these samples.
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specific to each of the sampling methods were used. Those specific procedures are described
briefly below:

QC Checks for Velocity/Volumetric Flowrate Deiermination. Prior to flue gas
sampling, volumetric gas flow rate data were collected at the flue gas sampling locations,
using the procedures specified in EPA Method 2. Quality control procedures were as
follows:

*  Visually inspect the S-type pitot tube or standard pitot tube before
and after sampling.

¢ Leak-check both legs of the pitot tube before and after sampling.

®  Check the number and location of the sampling traverse points
before taking measurcments.

¢ (Clean and check inlet tubes periodically and clear ash from impact
side of pitot tube as necessary.

Quality Control Procedures for Mojsture Determination. The moisture content of
the gas streams was determined using the technique specified in EPA Method 4. However,
the actual moisture sampling was conducted as part of Methods 23, Method 5, and Method
29 sampling procedures at the flue gas locations. The following internal QC checks were
performed as part of the moisture determinations:

¢ The volume of impinger contents was measured by weighing to the
nearest gram before and after sampling.

* The sampling train (including impingers) was leak-checked before
and after each run.

¢ Jce was maintained in the ice bath throughout each run,

e The volume of water in the collection bottie, into which water from the first
impinger was periodically drained, was measured by weighing to the nearest
gram.

C-14
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Quality Control Procedures for Flue Gas Sampling Methods. The following

pretest QC checks were conducted for all flue gas sampling methods:

*  All sampling equipment was thoroughly checked to ensure clean
and operable components,

¢ Equipment was inspected for possible damage from shipment.

¢ The oil manometer or Magnehelic gauge used to measure pressure
across the pitot tube was levelied and zeroed.

® The pitot tubes and connecting tubing were leak checked

¢ The temperature measurement system was visually checked for
damage and operability by measuring the ambient temperature prior
to each traverse.

In addition to the general QC procedures listed above, QC procedures specific to
each sampling method were aiso incorporated into the sampling scheme. These method-
specific procedures are discussed below.

Quality Control Procedures for Method 29. EPA Method 29 was used to sample

for vapor phase and particulate elements. The following quality control procedures were
followed:

Pri s  All Testi

¢ The trains were assembled in an environment free from
uncontrolied dust.

® Each sampling train was visually inspected for proper assembly.

¢  All cleaned glassware was kept closed with tightly closed ground
glass caps or Teflon tape.

e All filters were stored in a precleaned glass petri dish sealed with
Teflon tape.

*  Pretest calculations were performed to determine the proper
sampling nozzle size.
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Pri Testing Each I

¢ The number and location of the sampling points were checked
before taking measurements.

s The sampling nozzle was visually inspected.

* [Each leg of the pitot tube was leak-checked.

* The entire sampling train was leak-checked.

During Testing Each [

* The roll and pitch axis of the pitot and the sampling nozzle were properly
maintained.

® The train was leak-checked before and after a run, if the train was
opened for any reason, and if a filter change took place.

* . Additional leak-checks were conducted if a leak exceeded 4 percent
of the sampling rate, and efforts were made to improve the leak

. tightness of the train.

¢ The filter was maintained at the proper temperature.

® Jce was kept in the ice bath at all times.

*  Proper readings of the dry gas meter, delta P and delta H,
temperature, and pump vacuum were made during sampling at each
traverse point. Copies of the field operator data sheets are shown
in Appendix D.

¢ Isokinetic sampling was maintained within about 15 percent.

e  Sample train and field blanks were collected for analysis and
maintained at approximately 4°C.

After Testing Each Day

® The finai meter reading was recorded.

* Completeness of the data sheet was checked.

s A final leak-check of the sampling train was done at the maximum
vacuum observed during the test.

» Each leg of pitot tubes was Jeak-checked.
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e Recovered train following prescribed procedures.

e The Method 23 trains were assembled in an environment free from

uncontrolled dust.
¢ Each sampling train was visually inspected for proper assembly.
¢ All quartz filters to be used were muffled and cleaned XAD was prepared.
*  Openings of all cieaned glassware and prepared sorbent traps were
closed with ground glass caps or precleaned foil until train
assembly.
e All filters were stored in a precleaned glass petri dish sealed with
Teflon tape, and enclosed in aluminum foil.
e Pretest caiculations were done to determine the proper sampling nozzle size.

Pri Testine Each [

¢ The number and location of the sampling points were checked
before taking measurements.

* The sampling nozzle was visually inspected.

¢  Each leg of the pitot tube was leak-checked.

¢ The entire sampling train was leak-checked.

* The Summa canisters were checked for proper vacuum.

During Testing Each I
e The roll and pitch axis of the pitot and the sampling nozzle were properly
maintained.
¢ The train was leak-checked before and after the run, if the train
was opened, and if a filter change took place.

C-17



e  Additional leak-checks were conducted if the leak exceeded 4
percent of the sampling rate, and steps were taken to improve the
leak tightness of the train.

¢ The filter and sorbent trap were maintained at the proper
temperatures.

® Jce was kept in the ice bath at all times.

* Proper readings of the dry gas meter, delta P and delta H,
temperature, and pump vacuum were made during sampling at each
traverse point. Copies of the field data sheets are included in
Appendix D.

* Isokinetic sampling was maintained within 15 percent.

e Sample train and field blanks were collected for PAH and

dioxin/furan.

® Canister pressure was monitored by means of a pressure gauge throughout
filling of the canister.

After Testing Each Day

¢ Final meter reading was recorded.

* Completeness of data sheet was checked.

* Final leak-check of sampling train at maximum vacuum during test
was done,

¢ Final canister pressure was recorded, and the canister tightly closed.

o Each leg of pitot tubes was leak-checked.

* The probe rinses and remaining train were recovered following
prescribed procedures.

¢ Nozzle and cap were reattached for next day and the train was
stored in a dry, safe place.

res for Method 26A (Impinge ampli ethods

i ia). Impinger-based sampling procedures were
used for sampling aldehydes and inorganic compounds. These methods were conducted at
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single points in the flue gas stream, isokinetically except for the aldehyde sampling. The
following general quality control procedures applicablie to all these methods were followed:

- g ¢ All Testi
» The trains were assembled in an envirenment free from

uncontrolled dust.
* Each sampling train was visually inspected for proper assembly.

Pri Testing Each I
* Fresh impinger and rinse solutions were prepared.
¢ The sampling nozzle was visually inspected.
¢ The entire sampling train was leak-checked.

During Testing Each D

¢  The filter was maintained at the proper temperature.

® Jce was maintained in the ice bath at all times,

¢ Proper readings of the dry gas meter, delta P and delta H,
temperature, and pump vacuum during sampling at each traverse
point were made. Sampling data sheets for these methods are
included in Appendix D.

® Sample train and field blanks were collected for analysis.

After Testing Each Day

* Final readings were recorded.

¢ Completeness of data sheet was checked.

¢  Final leak-check of sampling train at maximum vacuum during test
was done,

¢ Impinger solutions and rinses were recovered according to prescribed
procedures.
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Quality Control Procedures for VOST. Sampling for volatile organics was
conducted using a Volatile Organic Sampling Train (VOST). The following are key quality
control procedures followed in the field: =

Pii E ¢ AlL Testi
®  VOST glassware was cleaned and assembled.
® The entire unit was assembled, visually inspected, leak tested, and its operation

{

was checked.
* All VOST traps were cleaned, sealed, and labelied.

Pri Testing Each T

®  VOST sorbent traps were kept sealed and stored in a refrigerator at 4°C.

¢ ° The VOST unit was assembled, minimizing the amount of time that the sorbent
trap was open to air.

¢ A visual inspection was made and a leak test was made.

Durine Testi
* Flow rate was monitored. 1
®  QOperation of probe heater was monitored.

* Flow of ice water to condenser was maintained.

¢ Sampling time was watched closely, so the sampling interval was not overrun.

After Testing

¢ Final leak-check was performed.

e Sorbent traps were sealed immediately upon disassembly of the unit, and stored
at 4°C until shipment for analysis.

¢ The VOST was prepared for its next use,

1AW

Ouality Control Procedures for HEST Sampler. Volatile elements in flue gas
were determined by means of a HEST sampler, that used carbon impregnated (CI) filters for

collection of the metals. Field QC procedures for the HEST were as follows:
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Pri A1l Testi

* Lab ID numbers were recorded on the petri dishes in which the quartz and
carbon impregnated (CI) filters are supplied.

® A clean table area for loading of the HEST filters was prepared.

PG Testing Fach D

* The positions of the one quartz and two CI filters in series were recorded as
they were loaded, and recorded on the sample data sheet with the corresponding
lab ID numbers.

¢ Both sides of each filter were examined to assure the proper side faced the air
flow.

e Teflon-coated tweezers were used in loading the filters.

* The HEST filter assembly was visually inspected during and after assembly.

* Both ends of_ the assembly were sealed, and the entire assembly was then sealed
in a clean plastic bag.

During Test

® The system was leak tested after attachment of the HEST assembly to the probe.

* Condensate was not allowed to backwash into the HEST assembly.

*  When inserting the HEST into the duct, care was taken to avoid scraping the
head on the port.

* A proper seal was confirmed between the probe and port.

* Flow rate, sample time, and normal Method 5 sampling parameters were
recorded.

After Testing

*  When the assembly was removed from the duct, care was taken to avoid
scraping the head on the port.

e Final leak test was performed.

* The HEST was kept vertical while the system was disassembled.
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The HEST was sealed, allowed to cool, and the entire assembly was then sealed
into a plastic bag.

Filters were kept flat with deposit side up while disassembling the HEST.
Filters were placed flat with deposit side up in labelled petri dishes.

Petri dishes were stored flat. .

Probe and filter chamber were rinsed with acetone and 0.1N HNO,, and
combined washes in a labelled sample jar.

Quality Control Procedures for Particle Size Distributions. At designated

sampling locations, particle size distributions in flue gas were determined by cyclone or
impactor sampling. The cyclones were incorporated in the Method 29 and Method 23 trains
covered above, and used at Location 4. The following are QC procedures applicable to
impactor sampling, which was conducted at Locations 5a and Sb.

- Start of Al Test

All impactor stage filters were preweighed.

The impactors were assembied in an environment free from

uncontrolled dust.

Each unit was visually inspected for proper assembly.

Labelled petri dishes were prepared for storage of impactor after sampling.
Pretest calculations were performed to determine the proper

sampling nozzle size.

Prior o Testing Each I

The sampling nozzle was visually inspected.
The entire sampling train was leak-checked.

During Testing Each T

The impactor was allowed to warm to flue gas temperature before
sampling.
Isokinetic sampling was maintained within 10 percent.
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After Testing Each Day

* Final leak-check of unit was done at maximum vacuum during test.

e Impactor was recovered following prescribed procedures.

¢ The impactor head was removed from the sampling probe, and sealed for
transport to a clean disassembly area.

¢ Impactor filters were placed in pre-labelled dishes, and the impactor was cleaned

for the next run.

Quality Control Procedures for Process Sample Collection. The process sampling
quality control included the following procedures:

* The sampling equipment was cleaned and proper sample containers were used.

*  Proper scheduling of sampling times was based on consultation with Niles staff.

¢ Immediate labelling of all samples was done at the time of collection.

*  Observations were recorded on preformatted data sheets.

* Log-in and chain-of-custody procedures began as soon as samples were returned
to the field laboratory.
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FIELD SAMFLING DATA SHEETS

In this Appendix, copies are provided of the original field sampling data sheets from
the SNOX field study. These sheets show the data recorded by the Battelle and Chester staff
in conducting the flue gas measurements. The data sheets are organized in the following
order:

D-1:  Modified Method 5
D-2:  Multi-Metals

D-3:  Anions Train

D-4: Ammonia Train
D-§5:  Cyanide Train
D-6:  Aldehyde Train
D-7:  VOST Train

D-8:  HEST Samples
D-9:  Cascade Impactors

D-10: Calculations of Flue Gas Sampling Parameters and
Particulate Matter Concentration

Within each of these sections, the data sheets are presented in order by site and date.

For example, in Section D-1, data sheets from sites 18, 19, 20, and 21 on July 18 are
provided, followed by those from sites 18, 19, 20, and 21 on July 21.
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'NOMOGRAPH DATA
rnt Nibat Oclsr SNOX rreceda
DATE _’!&&;.LZ 1273
SANPLING LOCATION M@.‘a&_

N=18=-MMé~ 923

CAL!BRATED PRESSURE DIFFERENTIAL ACROSS

ORIFICE, in. Hy) ahy | S
110
AVERAGE METER TEMPERATURE (AMBIENT + 20°F),°F . Tag. | S92
PERCENT MOISTURE IN GAS STREAN BY VOLUME Bye n
BAROMETRIC PRESSURE AT METER, in. Hg o, |20/

STAYTIC PRESSURE IN STACK, in. Hg

(Po0.073 1 STACK GAUGE PRESSURE in in. Hy0) Py
P
RAT30 OF STATIC PRESSURE TO METER PRESSURE e, | LO
AVERAGE STACK TEMPERATURE, °F Tsm Je2
AVERAGE VELOCITY HEAD, in. Hy0 By | 005
MAXIMUS VELOCITY HEAD, in. H,0 brgm. | 2.9¢
C FACTOR .90
CALCULATED NOZZLE DIAMETER, in. 0,240
ACTUAL NOZZLE DIAMETER, in. o,.347
REFERENCE ap. n. Hy0 o, P
EPA (Dur) 34
12
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'NOMOGRAPH DATA

PMM; SNOX forrcgin

DATE }‘éi. 127 992

SAMPLING LOCATION L"@Z_qﬁ.e@d&zug_

N-/9~ Moy — vdi 4

CALIBRATED PRESSURE DIFFERENTIAL ACROSS
ORIFICE, in. H,0 sy | 4S5
AVERAGE METER TEMPERATURE (AMBIENT + 20°F), °F Tagy. | /10
PERCENT MOISTURE IN GAS STREAM BY VOLUNE By 7
BARDMETRIC PRESSURE AT METER, in. Hg P, | 217
2v.0%
STATIC PRESSURE IN STACK, in. Ng o
o 27 %0
{Pu0.073 x STACK GAUGE PRESSURE in in. H0) P,
[SRCEE
PS
RATIO OF STATIC PRESSURE TO METER PRESSURE Pu| 73
AVERAGE STACK TEMPERATURE, °F Tspeg 380
AVERAGE VELOCITY HEAD. in. H,0 APy 0. 682
MAXIMUN VELOCITY HEAD, in. H0 bogn, | MOS
C FACTOR 0.9¢
CALCULATED NOZZLE DIAMETER, in. 0.240
ACTUAL NOZZLE DIAMETER, in. 0.247
REFERENCE 4p. . Hy0 o, 32

EPA (Dur) 234
412
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PLANT L]
oate_2/24/v 3

SANPLING LOCATION eslBuls o dng. Koeedd,

N-11- nun- 224

1

CALIBRATED PRESSURE DIFFERENTIAL ACROSS L
ORIFICE, in. H,0 aHg *5

AVERAGE METER TEMPERATURE (AMBJENT + 20°F), °F Yom. | /10
PERCENT MOISTURE i GAS STREAM BY VOLUME Bye 7
BAROMETRIC PRESSURE AT METER, is. Hg : o | 2924
STATIC PRESSURE IN STACK, in. Hg _ ”
(P£0.073 x STACK GAUGE PRESSURE in in. H50) Py

'

RATIO OF SYATIC PRESSURE TO METER PRESSURE ip, | 4O
AVERAGE STACK TEMPERATURE. °F Vi, | 39
AVERAGE VELOCITY HEAD. in. H,0 Bbyy, | O-65
MAXIMUM VELOCITY HEAD. 1n. H,0 bpy | O 87
C FACTOR e.90
CALCULATED NOZZLE DIAMETER. . 2,340
ACTUAL NOZZLE DIRMETER. in. 0,247
REFERENCE 3p. in. a0 2, 96D

EPA (Dun) 234
12
D-98

[ |



Jﬂdwl *uv ¥anan

T O wntvazdnal _zu.-uzguugﬁ IHY 4

Yiva a3

NIV INATLI U

g gty st sseen ' | GIAI2 110 4mi1 A 1L
g 03123170 GO
L4 WL
i _ WHld _
‘wilod 1% [oa | awu | 1wawaunsvaw Lvsuo .:.w am "t 1 U 31331100 w3ava
Sinawno) 132 YOI I~ ._mu_ﬁ.."uu. QInail 40 INAI0A
2art s A4 i 8 0VUIAY
wiod
). % LI /4 94 | @bl 0i/lar/ 2.7/ 0% F 94
oW | 09 | #r 77F 7 o §9¢G o v7|aT7 Yl MLl
oF | oF | 2s e v »é suwbm af7er, YA/ % 27
oW | 07 | #P Ladd ¥ 2] AR ZA T r5:e//08 o7
oW | o | €P T g 74 7278 a7 el
oF| o9 | *F AL V| & WSl [ 977
ok oy & |e77 ¥ mjlmj o6 [opd |oTT 4
% o785 o vs | I3 XTI ALY N
FE| 7188 ore o8 | s LoAs|ohT |oh ¥
) AREary o $L | 18 | pHISITT 3T k|
oh | | 64 r 413 I»IWL. £ 74 &UII7
6h 97T l | 14 PFPRe|02TT|o
] L . £
ww [ AW /re nk 44 eI Eo[3% 9 ¢hE L) etl ¥
oy | A7 o T4 | €4 [ABLTI8|7ie| L0 o] ST | A% [0/ o 1
-y ...l A Cde 2 1™ny) 4"y ' i=a)  a3N30 WALIV] g ) (fan) FACAIT) oty ww'ig) 1 w3gnnm
il PR o ol T B B R - W el [ PR
% | mne Y Wa1aW §¥9 N0 LY waiaw . e
¥ ' JANivYNINI] NLYNIdNIL 3TJWYS SV wwmﬂ.u% is.\ dod
e sl
dadl ONILLAS XOA WRLYIH % ‘OH XOU ¥313IN NOILD3S $40d2
WwioL )
e T NNNNIEEE, ¥3ILYIH 390bd ||JI ON X09 31dwvs o
1H9134 FuVL ..Igl. o1 ‘H2LIANVIQ IV AE 'QN.QHHI ‘OM N Pre—
EHOIIN YRS - hd / _
" 3g0ud] waind yyp— .Ihﬂ_lﬂ.-ﬁl | ‘¥I1INVI ITTON ON NIV S _ _
01231103 21V WOILNYS 40 1oraa | PPRFE D ™ WiokI1 doud Jﬂ&«?ﬂmua:.r_o oy a
ALYE LHOVIA §332084 T LT s aunssion aawnssy ‘lei% HOILYI0Y .
r7).5 T W0LIv4 D I3ﬁ| m-_.:m.-._ HYl3awouve £ h\\-d \N. aivo 1> eawmis0

IYAS O JILYNIHDS

| oF

D-99



] 4 i e L L] ’ 1 b UILD3 WD dwil VA YL
« [ 031231109 AN0IT
t IVILIHE
t . NI
ol % 1% | 3w | 1uaw3unsvan avsuo __..w_u._ Pt 1 O R —
SANINNG) 139 YIS ™ INOT0A ainoi 40 I¥N0A
v, . ¥ADHINI
0 \\2.\.&- %g A0YNIAY
- | v
TR | 4|2 713 gol_|_zol | Szl 00|0To] [¥T0 37 _kread T
. dis'hot] Fho|l Hre LY, ezrel/ae| 1
. P20
TE{ 7 [ yisd Tot | €01 | £l Ol As7a |55 7o EIr | M« ¢ |
Mﬁ o | XF___{e7% 797 78 A Y LA ACI A ol _faf | nm.
27 25 k1 7ol 0] | 000N\ Vo] [ £8¢ ve
.Nu, k24 LJ R4 col | 4o | L Lbb |95°0 |10 X E T T <
Ww 7177 792 RZEW.EF AL AU hee | J97 [virjebl] o%
Jr | 77 T o Soi | o8t {0TT |01 o mw» ¢ [vedliaall b1
| ¥ K o7 77T 76 Jol | TLE AT BAT 70 7€ 9 oL
AT 67 K31 3| Fol | 3077 |o7 o Jec - Al
mﬂ. 7| .77 e 526 hol XI5 [ORT [OhT o JIE e H{i} 77
R2INZ4AN3 ] Pyl Je ool 9l 1T T 8T ol 98¢ (I i/t 97
“EB 9@ 19 EXT1Y £d 46 | &'e4d | o7 mﬂ«lladm.l 7077
o0n | sy | vanudi 1 aeniviaanay #0000 | accen ] i) eI ALY Ga |4 el J ol e | o
S 1 hw_wmu-an.uw xom 3wy | 1310 W v sva]  Oew | e e e | owivanes naiavas
Vﬂ i Vo &% WALIW SYD ANG AV uilam )
JuRLYN WL FNLYNISNAL FVd0vS YD wwh._u._._u_.._ \tu..v »y
i i | stesa
Nmml ONHLL1ES X0G NALYIH I% ‘ON X0 N313W HOILD3S 5304
winl S T, T MR BN T onxoe s )
l.@. o "RALANYIO XIVAS - - - ‘oM By Puvsanbis
”“cu.uu ,.__iw <k - ABE-Nolr -4 \1 M
Py BTy FEve Wil 13nY10 31ZZON OH DVAS _
e s o ons | TIREGIT W0 AT woivias 1T
BN 1NDMA $5I20US 2SI OANNSEY 3{% HoILYI0Y b
TET N TR nSs3ud Nu1InouYE oAz g
T hveaian g avanviadnat naeny Igg Y 47V15 40 NLYHIHE
[ ¢ ~
—_— YIVAO AT 1IN WYy 15

D-100

i



I B MG Y U W

e ’ | U413 4102 Ini)10A V30K
‘ 031231100 andiN
t WL
[ Ynid
wlox 0% (o> { 3w | awawguntvawsviua| ¢ v ot i
L LR dwzw_uu_m.: " ..uw_w_"..._m"_ ,.__w.ﬂ._m_..uu w..._w ﬂn
29T
{3y = 101
LS| 04 |- 29 gif |l TeNfolT [0 [ilo| ket ? B War T
oy | I | T g bol | Ail RN PET 0T Mol 88 mul wifoie| 97
W.%H. o', 177 7% Lol 4] peLonrel o Y h8&c | ¥9c FraydRe| 31
4 #d«i T Im.mwl 1L | Feslif & Tlas] 870 YIS olt| A
o ww.ﬂ.- 7 fl Tegolf o [ {olY opo £3 Tine t
S g7 $ i Y Je o1 X4 T 1357 1440 TIT (] _
1= rIv nel b0l 4 .Wm& FET £7°¢ (4 1] T [Whije
_ Qw Nw..m«. £o/ Qﬁ“ WMMQML A3 T ST M%q.w h8E Wjesy I
- 9 el ¢ LIWT{ANI}] ] 413 5T EfhJoz L
w7 .ﬂmuw Www £/ o7 .n.u%..“ 57 %l 275 ]
o9l o9 o°f gl Jo 7 ’ * (13
dh| o9 | 1?7 L5 F7) ol binet| JoT |37 as% L8 I @l
w.m o7 177 v7T Jel | Sor 82914 907 &5 ic
Y F | LF P34 A i Jo'f | 307 ‘o £
ww.# /S [ &9 T ol | £27 o84 [08%0 0] ..uﬁrhel ny__ ¢
e L] g Fe 41w} PRILUST ) {=p)  [O3INISIA IVALDY __nnr._ av FRR T} [ e LA L FELLDLL
e SR Ftee] RO il Bt B Rt VM P S e R o)
% | 0 40 ¥ILIN §YD ANQ &Y w3Lam o
7 FVTYLTE L ETY FUNAYHIANIL 2 1dWY5 5¥9 2o gy
i kakd
TATE SeuBANAYI T EIFORIp owxon dalae KOILD 3 §500
viol 4T DNILAFS BILYIH 208  —————— " N XOW 3 1dNY§ :
W o | HAT !
o "gILANVI P iwngirg '
ligie | gy " wamons v |
o wowa | warma | awes TZETTST " ualaNvia 220N oM IV LS _
= 7031237100 21V INNINYd 40 thoas | FPOGE FE 1 HAIHI) 2e0u4 Icij._o:-to e TR |
LYY LHI3A $5350ud Tz % unasion aawnssy § HOILYI07 l
r7 i e A gﬂﬂlmxanm-;u.ﬁw-oﬁ- Y ¥ 7/ A P
zﬂﬂ.& v uaram g‘ AWnNLvaidual pzm_n-.‘ggﬂii LNY W ¥IVLS 40 INYNIHIS

Yiva aiii

ALYINAN I HYA

(4. 4

D-101



- g by

W s

dass [ o |

' i W44 23 1100 39 I0A VLU
£ 0313311700 QN0
t T
] ‘ YRS
Hlod | % {2 | ami | ivawaunsyaw 1vsue .:.”._m.. r ot t \ 43131100 ¥31 Y
fiHIwn0) 139 Y15 " .ww.u_.hmo_ Ginar 20 3a0 108
wm\raltﬂc wPrdho'e iaﬁcﬁxﬂu () /) 29VUIAY
wios
- x| R ;
KA W4 c7 |7 £ 8| oRLIMIPL |71 o[ Z6c | 53¢ [olife ﬁ
1254 A IS Widi AL AL &S 0| vée otk £ T
TIV[LTTY (244 ﬁ\x[ & I¥Tl ol 92 | It
i [ﬁ% v? 77% A ALl [ 3T Pwo] 26t | F
- 44 &y 777 ol AT cghhlllorTaa wWol jg¢ g97¢
7] 2% lmg! 977 z1 AT o ol kg2 | 2T 8
w...c T % 7 200 191 ol hIE | TIT Felom| =
...... 4 ES 41" ™y) PRILY (Al JOFIS30 WALVt oy v P ) PR L) P v ) WIAANH
e -ﬁuup uﬂuﬂﬂuﬂ.ﬂu N g | 1aune TEL Pk a.......,"_ T A wc:ﬂﬁdw—u-u_ mﬁu onit ey xiI
YU | swna 30 30 ¥313W $YD A0 1V vatan Jo
TN TT L FT JUNLYNISNAL TVNVS SYVD D140 Sngy
%o MO A A i
WNSSIud
OMILLEL XOW ILYIN T LT X" OW X00 ¥3Lak
Jriol ﬁl%_:& VILYIH 380U ——— oM X9 DTINYS il
WiIVD 1W5ian g I T
LHOIAN JUYE I§ vl NFAINVIQ NOVLE NNN%.\H%: ‘O HOW [T —
Avods yeve IMMMN“QI 1 NFLINYIA I12TON 0N NIY 1S M
!

o .
8% °03133107 ALY NILNYY JO LHOIIN
= ALY LNTIA $5220Md
‘mlq.o BOLD¥4 D

Jﬁ.ﬁ v yatan

FoEydDFT 4 Wow 300 .ﬁlﬁlﬁvﬂﬁ..oz-ms

Tz v “awision aawnssy iﬂ% HOILY201
l\.\l.hﬂl. JunssaNd JuLanouve EENTJL aiva

|NN||..\- ANALYNIINZL LHIWENY gg LWV

YIiVYQO 1 I WINAT T UvwA

TR LT )

VLS 40 UYNIHDS

]



 r—— e ———

0\ ‘M e uyly
) IN

NSRS crr o w? b 2k b ;
o uﬁ.:wl..M&.n LCEE_fopl 7=0) 9 . S D 25 o offna
uéﬁ.i 77 O OFT T4 | BE BT 2 ? w
Mnﬁ\ x EED /A7 , . e ~3) ¢o-0y] 087
j’r‘\ \- K ﬂ#\d& .“ - “\ a-.‘ - gy .—-ﬂutw.l% =1~ -Q.Qu Q\W '”“é(-
@M_&u T¥CTTAer e ol <K 4% i eiogeg ) o =
_o.m*\a wesRg o] 27 L) K ] g Npg | menaey
saBupduy saBmduy RI3AHD NVIT 102 AIAHD AVIT WILSAS
AT 34 76 [P0 [ A7 | F#7] ta
L, —omx , £, iy 16| | Za7 | o/ O
Z'bT~AN . S¢9[ < 2lad hol | e/ | ITT] ge
‘snempsy Ll U] o [Ro/ T Je?]| b7 A@
: TEF | E | &5 [ ") T I7TE77| L&
mn&LN.n. -1 L4 Y BN T S B a5
JE2VOh | 82 e S/ bz {go :
o7 o/~ | £X Bos | (T, ET7| Ae-
GBI "R L3 BEo/ 7 | 67| Bo
IO H | L &) [ 8F7 [ 827 | T 7
s dF 1 &X | Jo/ 297 Eny]| O
T T X 78 | 2 o777 {ar-
EIL7E [ 7X [T [ A7 [sF7[ 17
Aco| 5| 4L Vo | SE7|[SE7| bO- Ot
27 BE | 9L | <} | 671 47| o™
@z S5 <« | A8 [ &7 [ie7 | ko
o5 | 5E | #L S [{Z71¢e7( go-
L um..u.n..ue 28| 4z BO| B3| 04| ol | 297 |37 ] /7 |ad7 kI | co4q o4
& _m_th_ ..ul w Ah_l...— [ ) I.Mm _m... sn...! ) s“."_. u. (ot = - .Imusr o ...-....._“.
"0 | »¥upduy e o | po5 | wanmy | smmmdmey sy HY ssg 4 g mp Lg supy | mseany

£4-7"

<~ H1Va NOLLYYEIYD

. .m.—.
.Ozmw.olmm—l
‘ON X04 1700

2377

PR LHHAHS Y.LYd ONI'TdWVS JOVLS -

FUNSSIUd DMLINOUVE

LINN £531

\N&Q w\\ g 1N3ID

D-103



méﬁmv— J =& . 167 30V
fo) [1)0)
'S 09 0
b p zod
s T |_,M.m.H %;.um RO 2% | mu
- T gy Gt W o 0T | aopg
. "1 i) w3} [LITRC)
7] Iormy ™3 o)) T oanslay | sapog Y NDQ | Mmwoey
, sSmdey " salugduy WAHD NV Loid %OAND NAVIT WILSAS
I LTV T 757 (&7 {897 [ e27| @/
n § =OW¥ T a0l [ L7 [ SA7 1277 | ¢
| © 8T =an| TIN5 |bar | S/ 297 €07 | @/ I
E £ (0-C | 96 (57| &7 &7/ | Ko
: €| 5k | 66 A7 [ /7] C/ e
BT 1085 | & | A7 (£ 7 [ 87| &a
ATl O T | 777 {&e7{ev 7| O —oF
/SOl T E| B§ |F“7 | 26| Lo | 7e
z gz | Z8|Co7 T L& LT
1 ROV OF| & | 57 LF7 St 1o
s G Fd| o7 [ 87 | 2| fo | a3~>¢sqie7] %7
| Casdl
g1 o cb | | 5% | 57 | k0| 7a528L[ 77
| OF | €L7% 57 | s7 | 4°
FAKEAEIIEA KA ESA RS
otV O O o7 1 31| 371 Jo 7
N ~I7ES 1O H | €8 | R/ (T 7 AZ7 1 f°®
—= > 0of ] Forary| 7alt sl OF | Zé 1 3q/ &/ 71 €27 Lo
@) @Ry | ) @y | MW | @) QT | @t w | @ew e | ot =) (=] (s}
“dussy “dusky ") duss) ] " ny by Smpmy PN wmog
ﬁ.. e ol *H i v | o Pug | manmp E HY Syup dv wud op L oy l!...._L
P T 5 F27ZL__ON XO8 IOWINOK g T 50,7 NG id 1804 St 6= ninggaud ORIITHONYE
ON ALY L7 "NOLLDFUNOD 1old U 2 FT 0 JILVIS ¥ 304 ¥¥340 X0 JORINGD
€-x/_"0 aNnvo ZZ0N 7@ -F S0 3FL °ON 1310Ud

ROLLOTNGD VALSW T 27 =

I3 NOILDFWNOD BOIMNIO T4~ n-._ ILVQ 1S3l
"~ LJHHHS Y1vVd ONI'TdNVS AIVIS
. %

[ W)

D-104



o P O T b Sl 4 §

tet bV

B B
> "'ON X0d@ 10H TLS /7 NOLLINOOD 8DIN0

NOJLOTWNO0D ¥ALINW

L 4T

- ANOISATN S| | N
- o [%]
s o7 | o
'y S-¢) 10D
K3 [ 4 ) oy
T gy oy
] ] ooy wy3) By =}
L] PR (Y] om0 R onmlay | sammoy I NDQ | WAy
, sa¥uyduy salmduy ~ MO3HD VI 104M AIFHD W¥I1 WALSAS
e ico/ 1T A7 I71E/7 | L
H-oty 9154 | o |7 1 gr7 | 857 | 2
Z (F =AN DI 5| A7 F97| or 71 XO-
] 87| G A| o7 | 897 | 2 7| 27| 2o [927Z58[E 757 o7
2T O % |€07 | X7 .4 P73 ' |94 log,
it |Oh | €7 TLT7 TX 3 | 2O
% A7 7 T I (78 [ 5P . .
@70/ | LA &1 12 =1 a’
O o5 | o777 g7 7177 |¢c= .
BTG | ko7 7 | ¥77 | €77 | 2
S To & [P/ 877 (<77 €77 &9
) S [Z97 | L7 T& 7 87 Nﬂo. o%
0% (227 | 27 | & [ 28 | o7 .
oLd [k | e | W7 [ Zg | LF [ o°-
/57 0% (297 [ D7 (L& [ LT |90
Q¥ O e/ D77 | 15 [1& | 52~ >
Q\uﬂr\nﬂul\%ﬁj e v/ 39 redds/] TR K77 Sh7 1B A7 50 : L2
Slwla e gl = el a =
ey wary | shaduy e | ymg | wenny ...il_lpl.a H¥ =ug dv wug wp Lag oung | sesnry
'Vid 40 ..w.vWNk “ON X04 JOUING e € 7 NG a 1W0d —3< ©C _gunss3ud DNYLINOEVE
= .oz | e NOLLOFWYCO Eﬂ._._ - [k -»e.. STid JILY. 2 5»32;8..9_58
] A LR Y v ZZON b ON LIF{0dd

INAIO

3Lvd 131 E4

- LHEHS VLVAd ONI'TdNVS JOVIS

D-105



R

vl w0 0 Ry i‘a §uo<
ANOISKHN _ e
< ji=]
S =¥ 10
> 3¢ ] tod
€ z 1 gy
T e aopey
' siopy [T LTR)
haamaa ' 2] ey [T ] ) oN smisy | sapeoy sy WO Ry
sslmpduy 33mdusy MIAHD NV 104 ¥IAHD AVIT WILSAS
dE O [ 9F7[ 7 577 [ S9- ] 4
£ =OWns . ﬁ o F I =7 Toer o T 75 vl
RELT . X103 W {€e7 697 227 | &/
) X0 0-€ | 907 Xe7 (€97 {2D7| o/~
: o5 |Se/ |Cer 297 [ 27| Of -
T [0S | 297|767 |77 |5/ | 77 0%

4T TA [ Sors| 771547 5as | ¢¥
T30 Fe | A7 w7 [ sh7| 5% 7| e
P ] Y3 40/ O/ W/ tr/ ]| e
7 | 3F [ a7 o/ 547 |3+ 7| 2 ar

@I SE| ¥ F7 357 1577 | 3o 8
IS5 | €7 87 [ &7 DA77 [ fo- m
2 PR ZARZACZIS Y YINGE
B JXTNo® &7 27777 | BT 7| P2~ . Ok
BRI aF9 | o Co/|le/7 V€77 {c/7 7 Lo~
ez pmbe /| OZ 1207 [ @7 [ &7y [ &7 7 | Lo |00 3 [gX¢
| ofDlef7 | <or]l €2/ (€7 fes | Ko I ALE[THE
i W o W 22 D 2l b A A B AR A LR T T .94,
@.) 3.0} [*) G | duw [T G G | aw | ota ™ | (ozh W (=) (wom)
r “duey Bnd } ‘duwy, “dusny | —mo w__l ey p.bey Smpeey gy . wog
e rog Y | nSedw b | Yoy | wesnp | vapndue) iy HY sapig 4V Wud wp L9 swyy | swann |
oS G AIVLS T FX QN XOE TOWING & TNol liq Li0d % 2T 3unssand Jrelanosve
Tl A, NI oy Jols 77 . ‘.wi.v._cwoﬁ._oﬁzou
IJI.E.NDE\ e g 2 [ ‘ON_LD3(0Ud

‘ON X084 10H L% 7 NOILDIYNOD ADIE0 £67 \vu <7 3iva 1534
? 1 oty - JHAHS Y.LVAd ONI'TdWYS u_o<._.m




m-ll-l" ‘-llm"z- Hllﬁ "z ﬂs 3‘
U. ) o nd
S LAl
‘y 3¢/ 102
s T § »yy
T v siopy
) L] siogrg (ws) (L)
wmngia " a2 ) N | sapday | sepeod IENDQ | Weacp
salupduyy " ssSnda) XIAND AV 1044 AAHD NVI) WALSAS
700 [ o8 (o | 97 [g¥7 |77 [ &7
75 -oms 792 577 [4%7 [R87 | €97 | &77 | o7
F (¥ -aN . JoZ | 37 V857 | Rzl em7 | 577 | £ A%
e Zr[o% g7 e e AN
: - 67\ 2 /4 of | .52l SHE7 {77 ¢°
ZLF) {277 | gos | DE7 | 27 er/ | 3°
b/ 474 IS Y r{a3c7 12/ [¥2-/7]1 a/° 06
L9 0% | 77 a7 | X%T [ S+ 7] 8o
FA Ok 27 1% v, L& e He-
$89 | a% | Lo/ | et/ <9/ | 67
A2 O~ ®7| T/ 297 | TP7| or- A
T8O g 2a7 77| 57 | 37| fo-
87| R |97 877{T7 | ¢C7 | X9
76T o |fo” o/ [ 8o [ 39 | 4o+
T4 oz | £9/ Lol | 57 LT ko |STT QL7834 o7
B2ANELT 0 loT/Gel [ 8.y
AR .
ot = | oty = | (oth =) [T {sgom)
- 4 p.bey Tnpwy npp m0g
HY SpO 47 Ond wp Lg sany | mieany _

NOILOTYIA 1404 ¥~ YT qunss3dud DndLanouvd
NASSTUd JILVIS /7 ¥olvidido XOd T0¥INGD

€=t7 'ON360Nd ALVd NOLLV¥EITYD

’ @'3azIs) I1ZZON (- B 90%L "ON LJ3I0ud
5 02 Z3777 NOIDAWNOD WALIN_# TL— w7 TF~ 0¥ onisay L7 0 W ik 53

‘ON X068 10H = L4 7 NOLLIW0D 31410 Z4-*T-Z% a1yqasal 20 7 TREVT NI
Do _Goduy - LHEHS VLVd ONITdWVYS 1DVY.LS

D-107



m._.w._..o_mxm_w.- @ - a1 30V
: ‘ID [ 02
03 27 | 1o
» ot} 103
3 t 1 nyy
T gy so5eg
. Ll siopg () onm)
wmepa 7] whopo) - sapaloy | “oameny i MDA | wessep
lmdey ssbmduy NIAHI NvdAT 10LM WIIUD WY WALSAS
o9 ~OIHS
T4 =N %% 4 6= losT
smmapsy
e " : 200 ~ous”
. o2’ PP LB
25T = T 2| wﬁnb&qgui. I#ﬂx&lu L!m%u JE =V P -
L3710 c a7 [ < X | X9 | Lo | /17 HPlac.l]
QLT (G £ | 97 |27 |57 | 37 | ko~
/7. | as | a7 [&e/ 71| A? [ Ao
=0l |OE | 0/ HT? | FT 1 67 | e ot
PrYAKES g7 {37 T €777 £771 L9 |
1ol |2 A | o7 | Sc7 &7 6571 Jo
118 {5 A oy | /] s&/] bt/ No‘
=\ IS (o7 |[IE7T 2777 7{ ol of
@uﬂﬂum... _ dﬂﬁqﬂu..\mn 5o | a3zl o F | w7 1ee7 7137 497
Q, G (78] QF | Gaw | Q) @y W | o |l | b {oogmo)
“dwyy duey “dam) "o ] Py ey Smpeay nEpy wod
Smpwwoy nof nlwduy ypag yug | weswy | smmmdusi sy HNYSHRO | d4v ud s Lna oy ) WLy

/3757

w2 87 NOLLIN0D 3014N0

NOMLOTWNOD ¥LIN

ST qnssaud Jnilanodva
T FY  W0LV340 XO8 J0YINOD

WO1Y¥340 XOd 10YINO)

‘ON 1531

/P = KF¥POsT on 1031034

22 LINQ 1834

FE-AP LY q1yq sl
JLAHHS vLVd DNI'TdNVS JOViS

"y VPPV INano

W9 )

D-108



FYY-L5LLs

lm Vi ooy ’
z%%» ? 9 by b wpeol = T
f 4+ nwy Fwal ‘9 N.\«. A .w“z -
. L%m ool e = T e ue
5O QA" 0 LB [ g : 77T O |
797 ; ou
o7 nmmw S| g e o700 | o7 | e
NA_V\ RIRa L] (LT aemo) "ol o2 100 lwp)mey | %1 &
. s38uychuy 1Pugdusy T ] MOIHD WYT”
—d
_G@~otny [ 560 @%ﬂ >
2 EZ=mN = Tz TRv) = v §Z18= V|99
T - N —
M.w / .Mn\ Wﬁ % g5 Pl 5
] [ aml 9'E
/AN AN XANKIA
EXFT €47 | =72 o] £701
Fz/ | =zl | s0']
Se/| 52T| 59 2a| &2
St/ 27| so'/
527 | sty 597 o D50
907| 907 oko -
N 20°l1 90’7 | 050 nd S
J Wiad ] L8O | BB | S0 |
Yo 1B1pmy/ : QAl | 890 @g9 ) 50 PR
./ . JWWI 289 | 39| 5S¢0 .
W/ Q) | Jav~| 8P g 189 £89 [ S5L°0| 47229 QL 4 %
1.} (3.10.) . R ’ Oz | ozh = | (oth W [TE]
dua) dusj By P, by Tapry 1R wed -3
mawwe) xog Wi .-auJ&E- HY 22U0 d7 &g nq dag LYY hibintadd B 8
VId JOVis -/ _NOILOTW|G 1¥0d §% 2% 3uNSSIYS MY 1IW0UYA
ONY "0 3uNSSTUd DI VIS HOLVY¥dO X0U 0¥ INOD
_ [7—O1 "ON mn...no wo.;_ mpmn NOILLY¥SEITYD ‘@ '3ns) 312ZoN -7 ulm "ON 121{0YJ
"ON X08 &7 250 NOLIOMNOD ¥ILIW 0 19 O q
. _G “onxod 100 .Nem / NOLLDTMIWOD 3DMAMN0 m:m mmmh 2.z \\lwhm:. zwz_um_mw.
. _ LHAHS VLVA O 1dWVS JOVILS
.«H\ 9

D-109



[ ] ] b

mz.m.n.w\ﬂ..m..w: . uFJJo- =z ST
: - ‘DIN "§0d
" d%.m a5 = - Juv NJ3HD ¥¥31 Lol
$ a .m IN
1 Qa %) qio'0 | Q'8 | wuv
i o'y to 2agag

=T L] rud o)y Y ST 10D (w)3) 3wy L T]

sfwdwy a¥wdug T 1 WOIHI NV
G’g ~otn% 5 _ | ‘0 | "
LT =-an A4 = 1801 = g5 0= 2 179 = 2l=
. e 3 ¥ ¥

J0Z] 0% | 9& | 22/ [ 799 | 190 | 050 |Z2Ze 81 1%

)oz| OF eI | pp'0| O | aFQ 7t
06 WW, 47| £Oet'e [ 00

€0Zl Ok | Fb Zl) 190 | 190 | a50 L4 ol

97| 59| % |w3 cg /[ €971 589 =

oo?| 59| )| fz/7 | Bai| @ol ] 0LQ en{ 8l

!
WA OZ s [zl | /7| A77| S50
Z| <

BYRKEIIRN ZAW AR 1e g 050
SZ[OL M A/ Ak .
&o.n L | 4o | I Y| A7) 569 sl | 2€
N.Q ~oy oL ZL Voz/ " Al 650 .
< @dN oL | 2Ll aZ/V Aril HT | 560 o S GE
7 S02[ $5 1 0L | 977 | 6’0 | F50 | 247 N -
Py R | 5| LT [ Fpen] 502 55| 06 | FOT | ph o | B0 [0r70 [95T kS| S 4
[TR] 1.2 {1 Gy | da= (3.} 1) oz w | loznwm | {otn = o .
-dusa) daay ‘dueey ‘dusay ) vy By p.hboy Buipray ey wag
sog wH saloyduy woug g AR, siwndur] RPN HY *xju0 FLEY aplg | swng ] sessany
W%BE o "ON X048 “JOYINOD & _NOLLDIFNIO 104 FUNSSIUd JIYLIWOHVH
ONVILTY 2782’ O NOLLDTWNOD 1041 Q 7.5 O ay(\ssaud DILYLS YOLVHIdO X0d TOYINOD
=0/ "ON 340} J1VQ NOLLYYEIIVD \\W 27T (fazis) 31220N J2 A 264 ON 153(0ud
..‘lllirbz.mmmb 0 L T NOLDTNIOD ¥31TW Tl - b/ ~ -\ "ON I§3L z OV% LINN 1§31

_S "oNxo08 LoH 2@/ NOLLOTNE0D ADIANIO 7)) &&/fre i 3ivassal \“EQY INFITD

~ —_ INAHS VIVA D 1dWVS YOVLS
TAPT ey

D-110

b ¥



mzm_.ﬁmMV %60 = | ﬁn ]
M v& 0g5="7 zuw..mw fmg.uﬂ:
- : [~
“ '...wﬂ H (G100 [ T =
Y 0.@ 10 0jIg
Qwangig L L] [T ) ‘oN o't 100 {w)3) oy i
salwpde) saSupdug T \ Mh.b W23 WA
_5E ~0tHy) S A
= G =AN “ TH = = ?GO._ ....*.:44 “ - _ﬂmm_ um.mﬂ\q R2izY
‘Awapy . Y )
T oF | 207 B2l | 9E7 | 9¢cT | Or'] [P88E| hot!
A A TaE Tam =
Q& pl | 1ET | 2A7 | =4
TV | 281 [ 237 | =2F7 | 5) MEX
| QL [ S| CEll Ay V| p27 | COY
WWM A P S 2T | 2Ty 8O ] | ow| LR
ool 2l 27T | £V | 8o |
ARV SIANIAIE IR IR A o V>
T 56 |29/ | 05l | 280 | 260 | 5L©
oG Lo 2l o8 T | a0 [ 590 w1 2€
I s/A [aa7 |F2l | €£2| e£ 0 aT0
“SsEH| ool | £ | EEQ | g7 | 090 wnl €5
G| 8L I &&Eo| & o | 7o ‘
87| A0t L[5 | oL | U7 | 480 | 8T | ok’0 | ZILR\ BRA
W.od | W) [T @y =) 4.) 1) ozHw | oen W | (o7)w) 0ap) "
"dway ‘dua) ‘duag wo " By ‘poy Swpray ey wed
1iwdwj "o youig IR A unesaduay Rp TER LTI dv wug wp g auily !:»-h“ﬂa
"ON X08 JOUINDD . T_NOILDI3HIO LYOd G4 33nssadd DuiINOEYY
&8 'YNOLLOZYWY0D Lotid O 77.8°Q aynssaud Jlivis : WOLYYIJO XOU T0¥INOD
~&/-_5 21VQ NOLLVEAITYD B 7’0 (§*3Z1$) 3'1ZZ0N A= Qe 77 364 "ON 103108
7% O NoILOINY0D WZLIN —Wobv—/2-N o 1531 YoM 1iNn 1531
~ZeQ’) NOILLDFWHOD 3014140 ﬂ\aw £& 42 aLvalsal . ITEE)

LHHAHS VLVA Db JWNVS AOVILS

D-111



.\\V.z_

.n.\\.a

»

T ostr P Ll
% o N
T (@) 00 o0 | O'hb] =
k) a8 o slojag
P e =] = "oN &g 70D (wplowy | Ty wm
nSmda) sofwpdury 1 ) AIAHD WYTF
S 2=0us ST 1P o
Z LT ~MN Lo Sbl = ﬂwuwlv\ PN .r..ﬂ..u.mw op'T= 10V ) | = "(dv o=V ﬁ“%
ismeipnsy b -7
abl| 59 [ ao/ ql71 ar'l | apO| Lhi’thl | Beb/
B OFZ [@al [ z/| £1'] | £1'1 | 560 2°€
QLI @9 | a7 | Z[1 £51 | £F] =l
26l L1 oall £2]] 09} ] 0971 agy ws|Z 9
o S B | T S .
ay | &/ AKX oL o) &L
mmﬂm@ ool F2)| #77 | p771 527
QLI DL | 34| SZI° 97 %\ St Pl<S
gs/| S8 Q& | 327 as7 71 9¢’1 g
! 58| €& [| 92/ g¢v/ | ot'l Qom|
JOZ| &9 | 96| €2/ | 97| 777 | 5T .
202 ST 9L | 22 { 71 7| S&° -l e
1921009 | #H, | 12| &0/ | Lo’y | a0
W~ | G| A5z 102] @ | ALV B 97| Lol | a6V [oph B ZEel| %
3, .Y ("R @) | dnw [FR) [FR) tozHw) | lotH =) | (otH =) [TE]) ‘
daiay "dusay, dway oy wo ) By p.bo Tnpeay pp L |
'J.Mﬂllusu 2 vog Wi sdmdwi ogoig Png [TTTE TN sanaadea) Ppp HY *ug 4% ©hy op Lig awyy | swzan)
A (72,5 via 30V "ON XO8 TOWINOD a7 NOILOFYIQ 1804 3YNS§TY DIWLTWOUY
‘ON ¥ A&'O NO 400 101M ' 0 FUNSSAU DILVIS YOLYYRJO XO8 TO¥INOD
/ \n\. 38044 “\m“ aLva Nouwvag1IIvy Y/ S /S ($'3718) NZZON [P ~ZLFADOEL ON LIF(0UY
- ON X08 0} 6/ 26 QNOILOTNICO YILIW “ O = TN 0N ISAL N0 T XONS LiNn 4SIL
ON X0d LOH -203 7/ NOLLOTYHO0O HDIINO i

TP &

JHHHS VLVA O.

( ) fehet3tvalsil
IdWVS JDV.LS

3%/ 7

IN3ITD

D-112

o d



%7 - . Fizly €1 C = - gy
< Y TV 7 501 =30 A7) =TT a0'q = TV
Junsen 23 b =hemn Iy A
Nﬂ.{: @“\\ n Mw aQ [i%) U\v\u\w&.ém = SWTA
y/d s @ 79 o 4 %QW“N«.\F
» o [o%7 (o) :
L t ] svo woroe>| P4 | =
1 -y ~r3la-07] OLp] sops
: wopy (wp) On =
awwmo) oN “eapslioy | sapeed g DG | wmaep
: SoSmduiy sbades) AWARD AVE1 1oL XIND AvET WALSAS
[ L ~owis] 7T >¢C g0 77 (70707 [ © | CPhw0 7.5
2'L2 =M AT | o 07 | 377 |@o 7 |oo7 | X°
‘smaney 9591 7 P74 %777 [oo7 | 3%
IT oL I8 12/7|a97 |e®7] S50
299 10 Z | £ [ L77 |eo” | eo7 | 55
2157|198t |57 [ea/ee/] 50
1592 L& |27 o7 | mr/ | _S0°
(71 e9 | Sb | 71/ [C@1 oo/ [ AT
B 3> | _SE|F 7 [097 |00 7 | 50
/T 33 L8 ) bt 7714777 |V
PArEe DO 13X | B8 T77 {27 ol | 52
Tracy Tk 799 |_&3F A |89 T@7|cO7 | ¢o
87| S A | 78 [ o [6F 7 [eo” | %
sy 5 e | 54| O | o777 [aa7| 5@
vy PS5 5L | 2o/ 48671867 | %/
TP 67| °C | #8 | 45| 487\ &7 |07
+ TIPS . 1F7] 0 €3 | Kb 467467 [0/
wodrem  OLl Jos+| 4877 desi~| a2 |0 C | <& | 8 (7667 o~ | DRERTHE| oL |
Renwo) g Bl

—— 'ON¥3LId :
c-8 “oNagoud T/ AL 0

A) Notl:
X 'ON X068 0'10D/I0H o< & (OH ¥ ) NOILDOFTWHOD 340 o &

Jr Jeg LHHHS V.LVQ ONTTINVS JOVIS |
ONRIFANIONE ALFTVAD IV / SEOUNOSHA TVINSWNOMIANG ENOLSATN

0D o

23y 7hS LINN 1531
/- IN3ITD

g1iva 1s3l

D-116



sy
No.é. g

o BDY o'l N
=093 , S 0
A 0 T > E ]
e 294 _ » e[ _wo
1eTh | noth t T 1 sv0 0700 | OL] »mwv
Ll TS JE8Ls %0 1 % [Ie T o] =w [ ZS0o P | =L] woes
7 - _ m wiopg (wp) )
S

g DA | wew,
EEHD VT Wilsas

E [

9]

rF
oIS

K
&

et ] O P o /] Koo
T | olT .
AT BTF M
[ Al Lot :

9 ort

¥ Eyal
&7 877
. <77
CTT 1 30T TR | . &

i =) | (otH =) (=] (sowom)
pebey | Popory mpy oy

dv ey splag | ey | eusamy
(/N TNSETES DN LWNONVE
- AL MM 1531

A humu& "ON LOBI0Ud
FREO Yo0/ DM LINN 1531
e/ PP AN

. 19
oz Xo4 58:.0: ,m 4 OHv) zozbn:«oo _.uz_...o

‘ e J oisy JHHHS VLVAd DN VS XOVIS
: DNIMHENIONH ALITVAD WV / SHOUNOSHY TYINHNNOYIANH HNOLSAEI

D-117



twe 30v

N
02
10
100
Ty ] uny $¥YD
‘s SINIWIUNSYIIN TLIYAS
‘>
.ﬂ 50:<
E < Qo </ 210}
% LS oo UTRT) \«f
IR (LT fsupy NUAOD ‘ON E Ay wWnNIBA
sduidw) sadudug _ADAPD AVET NILSAS
=OTHS ‘
=AW
sy
oF8 b1 95 :0L| 3
{44 ts bse | g9s | 02 g | L7 gL°  [tér'[9t{os: ot
ke [53 S5 295 | @7 981 97 49 Sal eS|k o€
bT Ls Is | 1| Skl sg| 97 89°  1580°0kL|08:0C
5%t 09| Ot | 35| 5°¢ Sg | £l L 1gr9 beh| 50:91
137 [ ZRE| 9722 Q£ | <8 | 81 3te  |Zuhteh] S5:b)
= gs LS| 22| se| w8 |4t # sZ - |sal'sib[ 5h:bl
27 53 /34 9% = od | S7 sS4y t1:bl
Q] ‘Bob) SE: bl 1]
(1,) (4.} .) (1) [dAn-w] (35) # 2 I {saqour}
s dwa] .“.Jka..ucn }.r&\*%:ov Tuipray
.&8._.. ‘dway dway dwal 3?( Supeay vy Juipasy FETL I own ) g
TUAWO) oqery wiudwp | wog Y yang wondes | dwepy  Liaessmeey) | ﬁw Sy sen lug 3301y |y
NOILOAYIQ LYOd FUNSSIU DU LANOYVE
’ HALINWYIA NDVLS Jiutipy Feay  HOLVYIdO WALSAS
F1YA NOLLYYEITYD ~ Fo/ =% "ON SLIS 390N . "ON 103044
{A) NOILD3¥N0D ¥ILIN ZTCL - 7o0F - ‘ON 1531 XOdS_2T*GI%  LINn 1s3s
"ON WILIW SVD AN Zé/zT/L 3lvalsil Fo() AN
188HS VLVA ONITIWYS HOUNOS yewetnarevae NN
ONTIHENIONE ALTVND uIvV
o oy “INI ‘SEDUNOSTY TYINFWNOYIANT HNOLSAHY

b1l =703 -8 -N

D-118



¥ [ by bt
test ady
N
0
70
b 70D
:»? | juny | svo
A 40 SINTWIUNSVAW F11NAS
i J
i .ﬂ _-u_._(
.N’ O-Ouvﬂll
‘) (wwpd) | @ )
T I U] (K] nuue) "oN : sy wanaep
snduudwg sofupdwy ADAND AVIT WFLSAS
=0l
LY
o)y
FP | an I
STl [ - C I 24/ Y3 )& |70 71 Uvisc ain %7
n /L €ErT YTl XY bl PAT |90 AT e oy |TTs
77 S 1o o317 &i [N 4 T e[ 90hL | ode7 |7 |
il St fo®er | $87 oo [ 7 Hhz v 17 | bfve | OrG7 |[T0%
”TT 1L N7 4 BT 27 FY3 Ay | 870 10| s¥kre T Dot i |
AT 57 4TT vJi =Y £ AT 180 1T 91 FHoT | =g,
L 14 727 Zi3 T/ oL o o’Y ol algl | 75|
2f A7 9% 1§ o L € [l two| A&ol toe7{ o
1) Q) (3. G [OHw [ &) }cﬁ:ﬂ AT B A BT (sayaur)
dura) \..".\N\.\\ rev. 227 Tupwy
‘dway daj dwa ‘dway 13 Supway 454 Sypeey ux\i.ﬂ RRW sy o
Ruawwo) Sqotd | seluphug 10g w}) yng wansea | anep .o_usl._m\m o sen Lg %201 o.bﬁ_..r
NOLLO3NIG LYOd FUNSSTUL DIYLIWOUYA
’ VALINVIANOVIS — FTO7 Vih o ¥ HOLVH3d0 WILSAS
31VQ NOILYEEIIVD "ON 3LIS ‘ON 1D3§0yd
(A) HOILD3WNOD WALAW "ON 1531 LINQ 1531
"ON ¥313W SVD ANG /22 iva lsal N3O
LAdHS YLVA DNI'TAWYS S508N0S5 YEethhlnpyas '
o DNREHENIONHA ALITVND dIv <l -) 2= NTZ
Jo 0y

"ONI ‘SH0UNOSHY TY.LNHWNOYIANT BNOLSATN 252

.

D-119

kd



h T 30V

it g 0 D38 VY i gavealim
d mv—w o 0 ™| T vn MY
w@a\ 2} ) ) 0o | \M g o009 0*
. y a9 (o7 | w ~ord
. ] ¥ ok7 | oAt 102
€ 1 nyy
= Y- d.u.rn. [¢] c.v siojog
a7 ay W W T
sapmay B sy nDd | weers
WaAND ¥val loud WIIND AVT NILSAS

T
RIE =¥ mwumm %y

1754 1 7870 Wl LY i
ATV R 7 =
RLTLI A7 @
¥TALT7 o7
T A
T’ DT 2

¥ (S T S
SEYIEARYEAES
37 S5 7| Sa |0 BT (FF07| OF

Totn %D | H =) | ot W (E] =)
., ‘pboy | Smpeay 2Pp wod
WY =0 4V ond g g wany | misavi)
DILDTNIA 190d @t bT  3YNSSIWd ONt1INOUVE
ON ¥ _#8 guassTud ouvis 79 7 ¥OLVEZ40 XOd 108LMO.)
—¢ 10. Sl AR o ATk ON 1031084
DN X0l 410 ¥Z "ONOLLDIWIOD ¥ALIW 22E ~TRT - OEN ZZAY 25 LNn 1531
< 0g 10H TS I NOLLOTWIO0D 3DIHNO YL ) L&-7-£3L1valsal 7/ 3 \wmvwlhzm:u

ON
\ P ) ot LAAHS VLVd ONI'TdWVS JHIDVLS

D-120



o0 | F5| s
' 0@ | L] wom
_ i 0 {up2) n =)
= b L 3 ol gmmial- oy [ sapmBoy | eanpey WY NDG | mmarp
nnduy nlndoy = §7 w3ano wval 1o NDFHD VI NILSAS
‘& -OIN% ) 0&&.&‘ —
' =aN |
e ] P 7 =

..jTaﬂn b= _ ST =P imw@mqmeq&qw =

T°Z yedl 77 of /| 2T | To7
% hﬁll&u a2 T| o7 | So/
¥4

o/ oz T T oe7|oer | Lo Fo s I 44
il | o< %@ OCT| T Co 7 .
] re Xy J7 [ OC7T [ o8 T [ o7
" 7 oy 71T ol T o087 €7

AT O T o087 ¢o7

o

oo

oo
resd £
00 \Q
0 7y
o oI °% 77 | o8 T oeT| o7
COF cy
coe X
.}

dusey

PN

a0

P EaNESdELSS ST TL|OCT | OBT| 567 [ Se7 Y5 [ao /| 0%
.m...v 3,0, [FR) Guw | Q) @) | oz o) | oz ) | (oZww (=) {weom)
_ L dwa) duoy [_»o " oY ‘p.bey Tupeey s2mpy waog

“ Rv7] =7 g vy oy solladuy HY sap0 47 ong wp Lig swiy | maeany _
245 X[ X9y @..Mmu.“ vy FdIg LYOd 35 4 NSS3¥d JNMIINONYE
"ON BBOR WOLYYIJO XOf TOUINOD

v r. LI &2~ & 4 ‘ON L331048d

<o N IO : ] ) ?L_XonS unn sl

ON XO08 10H 24/ NOLLDINIOD 3DI4IN0 £~ 127 3lva lsit %/ VJYFY INaD

JA D LHHHS Y.LVA ONI'IdNVS MOV.LS

D-121



1L
[
i 30y
' IN
N o2
_10
102
7 uny § wny SYD
Y thms_mw_:?wz JiMdAd
R b
-+ ¢ : Ry
'z i sl 3i0)3g |
] . T{ku_fdﬁsﬂaﬂ @ “u}
LB TEETTT] (L0 Wi - U "ON . aiey wnnaes
138uduwy 1afupdu _HI3HD AVIT INILSAS
=OI% "
AN .
HE LTIt ...\w..
1
. __|7e& tealf -3
Lbr [ ISt 228 o3 pE | S7|° GCk9®  |Boo Ctall Sk I
/'S¢ S AN NE. &b 57 59 26, 1101 =17
ZS¢ cs LB s k25| oL o1 81 A Y AL EIR]
o9& 9s | Sk | S22} 05 b L] 69°  1hd5 /bp]| 00:7)
50 b3S | oz | 9% SE| L8[ 37 SL9° [ Lhp 08L] 5H79
z e sS L5€ &) 9F 1 £8 97 72 LEC VLY 5501
28/ Ls ese|] S| s¢ g1 S/ 599 9/ /tL] og: 0
{4,) (4.) 4,) (.) @Hw | Q, s E...IQQ -cus (s3yu1)
» e v utpsay
k..mma&@ dway dway ‘dwag é....._%_. u.._u.w.ma dopveg  A7d| s suny ey
AUWI0Y) s38uidag xog WH yong wandYA el | saammey . . mald|  sap Kag 120y | asaani}
2 NOILI3¥Ia 140d FAASSIUL DM LIWNOUYE
WALSWYIQ NOVIS PuWIF =] ¥OLVYI40 W3LSAS
JLYQ NOILYYEITYD |@1~ 37T "ON 3lLIS sa!(N "ON 10310ud
¥ (A) NOILOTYHOD YALIN bttt — td -8/ -/ 'ON 1S3L YLD A VWOYLwE LINA 1S3L
‘ON ¥313W SVD A¥Q ) \v&\\. diva 1sial US IN3ITD
. 183HS VLVA DNITAWYS HDUNOS Meaodanmr LIy
K ONTHFANIONE AL1TVND IV
oy "ONI 'SEOENOSTY TVINSWNOWIANTG SNOLSATN

D-122



"ONI ‘SEDUNOSHY TYINBEWNOYIANI ANOLSATY

" e \ [ W9
tosg doy
. IN
LY 0l
s = {0
WF™ 515 = i ‘ o
e L fumy ] ivhd [ SYD |
_f SININIYNSVIIN JLI¥AY
i J
c HE T < 57 | v
‘7 7 A7 | ai0q
| w3y | (&) v
I [T TN . BWauo) ‘ON vy | wendes ]
12%udwg Rdudg JHD AV NILISAS
=Oli%
=AW
TR ]
TN 77 | LT | A | 7 AN EAAENARGERLNRRLL -
A2Z | T7 T wuw | g€ | 9\ g | LT[ LV §7 F2h8 | o7
[ IFFRGIIT | A7 | T [P b | T Seo | 5t [ US| ese0
’rre L7 vidd IL | 7% f {4 FIT | hilo 1L 4 M....an bhito
T 3 AT | IR | 9% | L | RT3 | A% AT [vEEY
= s AL [ (T T | o1 U | oL 30 | 17 — | Srso
s 221 778@
PRI e | FF | s | IXC L= [ 37 | 37| FT T<Z [38373bL [ hivo
o | I ¥ | 2T K{T: P 9L | dxz| PUI9| O | TWHL| o
Q) ) . Gy [GRw ]| @) RS2 0op) Gaaun)
dway [ oyleen) Suipray
‘dwiay, “dwey duiay "dway L Tuypery 2y . 1axf
RUNSWO?) oqoig | seduiduy xag wof) =Ng wanasa | 13 _u_ﬁ# ep g y201) | enzaei)
T NOILDANIG 104 FUNSSIUY DIYLIINOUVY
¥ILTWYIG NOVLS Too HOLVYIIO WILSAS
2LYQ NOLLYVEITYD 7 "ON 34Is "ON 123(0%d
(A) NOILOZWYOO W3LIW ACL-Jo4-8EX  "ON 1S3l LINN 1531
"ON ¥a13W SVD A¥q Cé/%77e  dlvalsil IND
JIIHS VLVd DNITdWVS HOUN0S YnaOHhbavewan '
“ DNIIHENIONH ALINVND Hlv
o v

D-123

bl



A 0 Ny Ly ) <ta/ T !\“\\g\h I\.v\\m‘
SIS\ T EEEE

w\«..o\. 8 ) — . : r-) 00
. s RAra w0
‘Bl | ST 12 73y 37 | 5%7 | w0
n\nm AW : 3 T
‘ \ a.ﬂww ?-mﬁm 4% - Jlﬂ 3 o ' ayy
%éx & \'0bT [0 é i T aicpg =) RG]
w&é Heaming o] i e BED N | enmeg swgwoa | menonp
alnduy salenday ) AIEAHD NYIT L1044 %IIND AVIY MIASAS
0q
©°§ ~oins L7 1 = 48
_Z&-an _ h I
= 7 BH E %
. il - a~0
QasT ) i
= = Vb=

A=) 5, )| 72

TS T & 7 #7771V A7 "8 (1L L[/

o ZX- 0 B B 6o.7 | #97 | Do’

ling 05T o& [ X¢ 59 7V 297 | 90
el B[O [ 8= [DE [ A7 [4A97 | Fai
T IS o | XE| 727 »97 o°

W S7 ool 0% | | SE o7 | 497 |52
9wy o Sl vl L g | A77] 477 P

T ISP oA Jost | gER | L 5| L9 XV [ TRV [ CET | o7 [oaeTdgi[oc 07,8
{3.) .70} . .E.. H ) ) .} lozH ™ | (ozh =) | (OTH ‘=) (=) (wyom}

dumy sy duey dusey »g o oY (Bead | Smpay s300p8 mog
[ wwuoy | wgwiy | ntede waam, | emmisdwe] meyy HY %0 47 ond wp L3 wng | semansy |

, ‘ . p "ON L3310Ud
¥ "ON X048 Q10 < & 0 8 k) - Ty - °Q 17 i A & N Isat
‘ON X08 10H F 7 NOILOTWN0D FN4NO Tie -~ BLVQ 1531 TP FIRZUVS Inand

77 ey LHdHS Y1lvda UZ-..—.—E% ADVIS

D-124



UNSSaUd JILV.LS

B3

;270 (#'9718) 312Z0N

BTl

' L
) v L4 ,
b8 T 0IN_| 504
%Hﬂmﬁ. [ w330 £/ YI3M3 AT lonl
b : Fa2 2.3 K473 € Q.W N
la..ﬁ\ m U357 .a,d:ﬂ. /! 3 o2 EKwi-iKd @21 eyy
VM s P A ST 0% L, I o7 w . il W )
Wﬂ&‘ L] LT oy T o) T gl 103 Tpyewn | Yw
; ssdndu) nlndey i [
sg-otny
2T AN of & TL = o
o i«%m = g
Iy L D —h
R £ e cid
Zh= = Z&T ) [ 2 (R obie = V| 9=V
VEC ELI|OPW |
..Wh~J oX | X¢ 97} L o°l Lol a7l ;
JLT [ vy | G6 [ 77 Lo7 Lo o7 T T
Ji ucw..tam BLAKER L /AN WA XN B VA 2T oge
Fozig wipopy FI7 T OF T AE | X7 Lo | Lo BT
L&) OX =6 7T Lo rioar oy :
o3 17 ¢3 AT Lo | LOY AL o7-e7
o JE | BT o7 | Lol & T
o o5 o/ Lo T Lol oT
IR 66 | Fo7T Lo T | o7 T oEABA | OBL \\&!
H ) (4.) ) o= | o | (on= Uap
»o " vy pboy Yapray ey wiod
ey snmwinduag pppy HY #pun 4v wug wp bg awry | snsaanay
€ NolDa¥ia hiod 5L 27 unssand DIMIAWOUVA

"ON 123{0YdJ

X,
A%/ P

" LINN 1531

4

LINAD

D-125

KA



D-126



§12 (40) ¥4

4N M0)
- .4.1 - ' )
BLE CPH P-o| §7: 27
} wet/ 1L Awrne)d Y AU
9T 2 =73 SPE]T LT L] 7] LS LS8 t = ai’t
— g G/ T4 W R
39¢€ z Lo TIE | L7 L7 T . I T 7127
— /i ! a’ [T 74 R[] Q [ ao:T7
&...-' LJT) b.._l LT WRLIV| 9IS L [
: v 18 o R L
4o e | RN %l 'ty Guwyn | duw'itm - w013 %hdﬁa
‘NIl | nngys | eSS WIVIIA0L | WuNILe ovan P Y il
¥od e | emid VAL VO AN WA | INASSING 300 | A2120134 swaviu v o [3m 30w PRI
3 AMAT VAV 1Y OUOII ONY OVIN
INOANY 1G4 FUIAVNL JO HANGBUN
% 1030338 T e v
DU LL 35 NO§ NALVIN : ——————— "4 "3unitINg NIVLS
DaILLIS WILVIN 380N ¢ T T 2WRSEING JLIncuvR
d:cuuq—su“ - u._a:..u._-up_.__.quh"u“
I - oy ey
WiNahi X080 ¥11de P N Na Tt? m\ \< WITWAN M
T e K08 14N g 3dA1 3748
3738100 €3ty bV — = BT T RS woiiva01 suitanvs

*\.# S Et [ ] :—u“u.au._uu““

vivooiiatd

D-127




o t
teg 30y
_IN
0J
_io
{02
T vy | uny SYo
1 SINFWIUASYIN TLIYAL
N J
“ f A T B T
7 zZUT g7 1043
[ (i It TR Lai
uaIa | g g ) "oN oy 32| wanowy
duduy saluyduy IO UYIT WILGAS
=0Ui%
=MW
ey
7T L) | BEE | 12| 7T (%% L R UIE]
/ORI 7 | LIe | I8¢ T 1Ty Z 037 [9¢]
e/l 89 WOZT B T T ER L' 977 | Q9%]
K ZLI[ G E] .
Gy | Q) G| G [ @Hw [ (2 (ifa) U oyl
E ) ‘dwz), YRt oro/d Supaay
y Ji:.o L dwaj thuag ‘dwa) g Suipeay Juipnay PW ) oy
-:uEE.nbs Y oquig 1afuidwy 10g 10} Ppng wnnosp | a3l | 1epweioy pog- sen g eI K IETUTYY
HOLLIT WA 1¥0d JUNSSIYd DNYLINOUY
YALIWYIA ADVIS TS 7 HOLVYIG WILSAS
HLvQA NOLLYYEITYD L]  CON3IlIs 57379 ‘'ON 1031044
(A) NOILDIWYOD ¥TLIW “HN "ON 3531 LIN(Y 1S3L
Z ‘ON 319N SVO ANQ ~ mNG“:.. 3Lva 1531 AEPFET( N LN3IND
LHAHS VLVA ONITdAVS HOUNOS YEethbiheyms ey
ONIYAINIONE ALITVND IV
Jo ollay

"ONI 'SHOUN0SHY TV.INTHIWNOIIANY ENOLSATN

ll~pow-L1-N

D-128

ko d



59 ©0EP SOE? 5L vasIl'S POQP\A.?
2 SoBE-¢ \\mm\ov&“_\\.\\lre\

@ WS- $42 & wpo rwaor T [=2d]] N
M.m_m ['£TS 0485 u\“kn 3p ywas (1 o 02
I Yy '$ a°9 10
’ 7205 | ¥ QoY 100
. # E. P < T [ sYD st )OQ7 nuN gy
Y o3| BN VI 3 v T 507 07 | e
» CE <] dﬁl.l swopy (=p) [ TECY)
[ !\_.w Lo T weewc) oN e g noa | wenma
? \QN sBupdesy aemdumy RND VIl 1014 WSO AVEN WALEAS
L0ty
2'5Z=MN
Mo ]
AN LY 7
220 £5] = YPPK
90
Fp | v
%.MN..\ {59 = _i@ 7T=1T1W MJ&U o bl=V|oe=
2o loc |24 [ 977 | $€7 €7 | T9 (o7 ot [a %
Kl 2| o[ C€ | 977 [ €7 |87 | 2o
R i 59| ST sE1 pri| /7 F7] 9O
7Eviya 721”7 | S E// £77F ¥/} 90.
w”:a. > P 2T \-..\. \lmm MB\ o\\ o7 m\.\ 20
wodrem  aC| i 1897| @~ O i{| 52 F71 77|90 | 377 797j9c 37|, @&
Q. Q) Q) Q) [Gaw | uJ @) | Corm = | i ) | (0tH (7= ==
dus) “dusey “dursy ~dwe) »o " Py |- peambey | Swperyg 2oy wmog
om0y vogry | stwd sqoad wog | wenmp | emmsedue) 20wy HY *1p0 4% ¥ud wp &g oy | eumany
~ 3218 14 e “ON X08 TO¥ING FEIg N d JNIIWOUYE
‘Vid NOVIS 'O NOLOTWNOO 104M Q% , 2%C 7/  HMNSSTUd OLLVIS 2 MATYD 1SHL
. ONYIITH £4 7497 31vq NOLLVHETIYD b 1°0 r'3zis) 1ZZON /9=~ B2 @25) "ON 1LD3(0Ud
E—£/7 ON3E0Wd /260 (M NOUDTNMOD WALAW __ 44FE —A AN O2-N onisa) B0 X ¥25 1INn 1531
‘ON X0 QTOD/LIOH  €°°C (@H v ) NOLLOTHNOD AMINO Vo ) CH-6/- £ A1vd 1S3l Oc/ L2 1N3IND
) LHHHS VLVd DNTIIWNVS JOVILS

ONIYHENIONHE ALITVND ¥1V / SHOUNOSHY TVINHWNOUIANH HNOLSAH

D-129



ONIIHENIONE ALI'TVNO IV / SHOUAOSHY TVANEWNOUIANY SNOLSAHA

. 4 o bF WL - e
o “L8'b= 2y <y PRI
gg( Oﬁ ™ .-
'tk . yA n (<) 0 | ~
s 9 1)
T 557 ; A
£ ZoE s T 1 v [l OX ™V |
7o~ Sl Al I “CJa | 9° gy {002 ©Of | vopg
EH GG T TS L imo Pl I =p)  [Onw
wemRG PO P59y v /o= w4 sarpeed wspog | wewp| - -
wludwy boydumy =% &/ XRRD Avin lold ‘ XAHI XVET MAICAS
5B ~othx] ;
25T AN =
Pmempey .
ow on_ M ogL.
P59 = proph
te)
» R P ol Rl o
ZBi=1 16 = A = MWN o 2= eV
- o6l Uh >3 | ST e el V LOTVEE Ll as#
A B A A Al Al KA s
LS TOR | ¥ | ATJeeT jeeT [ L7 .
TP % [ 53| L7 EE7| o7 .
&7y oA 1% g/ CrlEe | CoT .
LS OA [ AZ | P77 [eeT[EeeTi o7 p
2~ B | Foi~| Qo7 0% | RI I ECT[ E€7 | L7 |0 e[ 07| o5
@ Q) (FR) LERE2ER { (o)
“deiny ey “durey “davy »o ] ﬁ ﬁ oct -ilequl: I.H....
) eBuydmy e § g nazp smmandust mwpy _ HY s v vug wp Lig onl | eemasi]
< A 4" YATRY "ON XO8 TORINOD e L NOLLOFWIQ 1L¥0 Q\..N .hhl_ sSTid JNLINONVE
1 : NOLLOFWIO0D 1014 ‘ UNSSTU DLLY LS ATYO 1591
‘ON WAL é-&7-3 aivanouveenys  tlD | S87'o 'gms) :izzoN _/9-8T Ao ON LIFI0Ud
@ - ON F80¥« 4SS (A) NOLIDTWNOO ¥318 L)t - ~/Z-MN ‘ON ASEL )0 Yol dons 1NN 1S3l
"ON X06 @100/10H <Y 7 (OH ¥) NOLLOTWIOD BIIINI0 (°w/86-6/ 2k d1va isal IO/ 2) 37 INTID
IIEL JLHAHS VLVA ONTIINVS JOVIS

D-130

M



tesr 3bv

N
0)
10
102
7y 1wy | svp
'S SINIWIUNSYIIN ALlu A
'y
¢ nYy
'z o0’ L/ alop3g
| \s.l (T
LEEIETTT oy jouyy . fNURU0Y “oN : Ny LILLETYN
Jaduidwy safurdwig ADIND HYIT WNIALSAS
=0z %
“MH
n-U-.E—-uw
_— k25 (ak re3
£&T e syl 9L | 37 LEs 99| Sbvigll g
B | T | Sor L4 289" £1
Y14 o9 (324 /128 QW oL’ o9l gobl oh:9I|” o
Cor z9 4sc] Sz oL br2bed| s£:8il S
77 =73 G| Z392| 9 QQ.\WW 08:81[ o
(1. ) ()] Gy | 0w u“fcua Frags
” uipway ;
I._.m..&\t ‘dway “dusa) dway 4 HY  ap own g wiog
UIMILOY saluguy | vog wp yamg wnanws g~ ™)) sep lug ¥3013 | amianni)
NOILD3WIA 1¥0d JUNSSIUY DINLINOYVE
: NILIAVIQ HOVLS PES] Y YOLYYI4O WIISAS
31vd NoLLYNEITYD 8] F7=T "ON3als - IN N "ON JD3{0Yd
(AYNOLLOIWYOD YILAN — 27 - IV -g7-A/ 'ON Is3L XONS __3%07555] ~ LINN 1531
"ON ¥313W SYD ANQ )3 &\Nud /7 31va isaL E7¢ AINFID
JHBHS VLVA DNITAWYS HOUNOS St hdiipiam: )
DNTHSENIONE ALITVRO div
o oing

"ONI ‘SEDYNOSTY TYINFWNOUIANT INOLSAHN

CL-hHNV -8 -

D-131



(e

o
y 1) 2 1% twe by
\.w -~ IN
/ o)
\\.s._ sz 70
{02
Ly jvny | SYD
‘s SINFWIBNSYIN FLIYAA
y _
1 ¢ ’” ¥ W_ Yy
1z -y TO 2403
1 \ {uiwy23) [T
LTI (s vayg S0 ON avy wnnas A
sadudwy solupduy AIIND AYI] INFISAS
=0zl%|
AN
iRy
L]
K4 &7 | A Y4 I771 3 IL YT €87 o » RR] pILL | S Tuw
JIT 77 Jhz | /6% 8 Z AR AR 1T L (Ol | ovv
I[P BE [ | | PR3 %3 L
T
z ol 1r 77T ary | s
Y §3 ¢ | o7 | 1s¢ 0 A3 | nsy | 600 0 N:.dﬁ ﬂ Q
(N Q) Q. G [ OHW | W) e 5,| o0 I T [ (5yo00)
dwsl { 2| 2q viz| Supey
‘dwn) ‘dwag ‘dwa ] ‘dwia} sy \..E-oz L.é .% o :N;sm FEITTH wn g wady
SO oqoid | wluudw) ¥og Wy yong WANEA | AP |1y | [ seny Lig N0y | assexWi)
NOLLO3YIQ 1U0d AWNSSTUd JMULINOY VY
) YALIWYIG NIVILS el AT M HYOLYUY3JO WIALSAS
FLVG NHOLLYNEITYD b/ ‘ON 31Is ‘ON LD30Yd
(A) NOLLOZNYOD WA LAW ‘ON 1831 11NN 1831
‘ON ¥313W SVD A¥d L)t/ 31va 1sal 1N
JHAHS Y.LVA DNI'TdNVS HOUN0S Paethihenye '
ONIIGENIONE ALITVNO ¥IV TTL~En -l
o ey "ONI ‘SE0UNOSHY TYLNTWNOUIANT ANOISATN

D-132

=



| . ?WvJ A STA o0& ™
a4 byl . " o O 02
] s 167 | 1o _
v P |2 O4AP |, 720 ” oM | OH/ | wo A
gl B9 Vr7es It zarfr > © T i v
2 DVELTIEE d t gy A3 10@M (Y| wog
N |- X33 = e i VIl OV | eors (TR ¥ )
W\é&\ weepa ™ ) w3 oN Aapeloy | sappey oy WD | weasy
nlmdu) s23mduny AIIRD NvET 101M NOFHD XVI1 WILSAS
& -oms
262 AR
B

G I[BL =[5T

u%m@umﬂ = WFopr a%‘w\uq

gqao
£ . e
- Ja5= (15 o= AT mﬁ,@% z
= 20 ¥
22 2 ST [35 AT W7 2T ZE 2 90 g ot /0 .
57 oc | KL |6/7 | kT [eEC | g° =2

A3V 104 E2 (20 | esc| ctc| Ko
21034 L3777 eETT| et C] 8@
o017 | #& | S@7fEEE|ee e | 4O
2~ LSPT O S| TL| %4 |7 | #7| 90 |07FQSE[Ae’| O

) [TR] T {1,) (.} WHw | otu = | (oth'W [T=] (oyom)

"dmey “duny »0 " o d by Inpwy oPp may

e i | Pog | wanep | vmmmwdue) sapyy HY %O v wnd v Lg sy | smmeey
¥IS 'ON XOH JONINOD 2= 225 OLLOAYIAQ 1B0d A £ § & TinsSIud ond1lInoyve
= .0 NOLLOIWWOO 1oild T31,¢3 (ASSTd JILVIS ~”2’  ¥OLVHIIO XOf TOdINOD
S i Vq NOLIVNEITYD &y () WIS FIZZON /P -AYP L) ON 1D3I0¥d
32°0 NOLLDIWNO0D ¥3LTW yg\!ﬂ%‘ 225 LNND 1§31
ST NOLLDAWNIOD 30140 e 7w) Ca- A1va 1531 \w )iz g SYETRE)

LEHHS VLVd ONI'IdWVS XOVI1S

D-133



twi 30V
I oo %) myv
X LA S | wops
(=) nw
sy NDG | mmaswy
HOFHD WYTT HALSAS
alty
mu.\c e
. SO = = = 2/ = = v\%w o=V =V
i ——
1 to~o0/| §TT
ol A AE | 37 717 677
Y48 e 28 Al U
N /4 W A A LA
777 T ET| 077
07 | T BT 077
ROT [ FET| 7ET | /7 | Qe | %% oF
. o o 2. OIH ‘W) [T nOﬂt ‘w) T2 {soqam)
ey s dwey | demy »0 »y - By “p.bey Supuay iampy w0y
ﬂ ey | soawy | nlede | yos | wensep | esmmsdus) swpy NT apio dvong | wpba oy | suseans) |
»R 2 ¥, 87 Vid Novis < ON Y08 TOUINGD " NOILOIWId 1¥0d G4 ‘52 _3¥Nssaud O1INOUVE
ON ¥ 74’0 NOLLOIWNOD 1oUd O, §/°C SSTid JILVIS L2 WOLYY340 X08 T0YLINOD
— 2 L on3goN  FX- LYQ NOULVEEIVD &0 _(@'3zis) NTTON M - B2 LD “oN 1031084
DN X0§ g1od HV "CNOLLYTHNOD WALIN 227 kAN ~1T-N'ON i531 FJPEY) ahdl oS LINNn 1531
{  'ONXOd 10H T=L NOLLOIWNO0D 3DHIH0 (¢ £.-12-7 alva isal o ks | MSTETRR)

LHHHS V.LVd ONI'TdWVS JOV.LS

7

D-134

[ NP )



twt 30y

IN
(s0]
{0
10D
T vy ] Uny SYD
s SINFWIHNSYIN ILIHAL
i 4
r ¢ iy
T 5¥¢ao- ¥7 | amopm
i (wwp) | @ w)
w131 g o - RUduG) "o aey wande
438udwy 1%urdusy NI AVYIT INFLISAS
=Oli%
=M
et L
[htan| 3
Iyr] 79 £s2 | 9% Y1 T 2 SeL” | rigbs} 08:81
LLE /9 77¢ | ol z gi 87 shl- | sag 58} 55:L1
£€C Ty T | /L 7/ [y 7 59¢L° 99 Tel as: 11
, 00l 8C
£7]/ 78 SiT | L& / MR /4 . —AIETHY
(1) .) 1.) TN D ) N.adﬂ..m (urusjopg n& . Gop {sayou)
‘ ‘quaay A npeay
\ﬁu b ‘dwag dway ‘dwa) " n..___..-o«nz fwpiay 473 FETEYYY aur) wioyg
BuHLWe) F 3 safuduy xog jo}| yng wanep | sy | 1Ry pog  Myd| sep Lg 130 | asieans)
NOILLOFNIQ Luod 4¥NS$sAdd DY IIWNOUVD
YALIWVIA ROVIS Ay Tl HOLVYIJO WIALSAS
31YA NOILYHEITYD g7 39  ON3Ls oL "ON §D3(04d
{A) NOILOZYYOD WB1AR ¢l - §Hov -9/~ "ON 1§31 XaNG  a8wanusf]  LINN 1531
‘ON H313KW SYD Add CoLhlpe/t 3iva is3l m & ANIITD
L4HS VAVA DNFTAINYS HOUN0S Yoo Hhuae e ey
ONTHHENIONE ALITVAD WiV
o oluy

"ONI "STEDUYNOSTY TYINBWNOUIANG INOLSATY

htl - bHN -8 -0

D-135



M b4 L .- P
16 30v
] - Nz
S50 I N
70
102
7 uny | my $YD
'§ SINIWIUNSYIW BLIWAA
M E ook (Wa 71 5t nyy
7 \\3 y 7 £ 2109
1 {uja3) | (@) e) f
L EIETH T | "y {oulg TWIOD ‘ON ;Y | wnnowy
salupdwy sofupdwy NﬂEPxe.m._ RETEIH
=0711% -
D at Lo
T | 5T | 27 IET |4 | £ {2 [ t7r (g0 | T [ 5OSE] 4ot
3T | /2 83TY | 4% 3 TL | 87| Fe 'Y LSS 9077
& LS It L7 I id 1P | £ | oF st | L9 7°T | J&L{ 5K Sd0/
d L £7 24/ | 28¢ 7 | a8 | oz | 8¢ ° - Y L2 AR Y14
R Q) Q. Ga | G Gy T g o e é‘.ﬂ ) {r2uou)
. ‘dwa] e 1 uipsay
dwaj ET ‘dwia ] ‘dway g Yupray .wuw__.% ] } SETETT] g wieg
FUIWWOY) el L Jaduiduy xog Wi yang wanass | PR | uanmey | 0 LQ 3201y  |suaam
NOILO34IA LYOd YNSSTYd D1dLIWOYvH
HIALAWYIA ADVLS éﬂp YOLVIIIO WILSAS
ALYd NOLLYNELTYD "ON 318 ‘ON 1D3104d
{A) NOLLOTYYOD ¥31IN ‘ON 1531 1INN 1531
"ON ¥319W SYD A¥d 3lva 1siL SLE{)h)
LA3HS Y.LVA DNI'TdWVS HOUNOS veaotaarevre Iy
ONRIGENIONH ALITVND ¥V

o ely "ONI *SEJUNOSTY TV.IINTFWNOYIANT AINOLSATY rTL l.ﬂ.—..w.dru pi—of

D-136

LN



THOTST) [
2 TLME AN

W
s "DAN "$0d
on VT8t FTET] & r 3¥53HD AV3T 101
85U 2% b 't Sadl 7R (L]
9 ! 9’0 TS0 5| PEVNIo 770l 1 o1 3a 02 Auar_$:0°GF L] v
-y ' é‘wﬂé i o9 77 {0 W2 S700» O 5 | aopg
é weing o) -y ] ad Fx7 100 {w)2) wimy LI
.o..._t._ salupday t ' NJ3HI Nva1
m‘..ou:u
2'GC~nN
NG
A A L A
/

900
il et
Mwﬁ od7 | € | 77

o 7 [oe 7 20 3L SR g/ ¢/
— aF | o8 | do) L7 [ oL7 | o5& ]
e ™y AN ALY oZ 7 [ oL 7 Do
- LR /o oT | 8L 68 [ec7 0z7

O\
w@nﬁ 7)) T e [ SE er7l oh 7 \Wo.
. e 35T~ ﬁV Y 7 \hﬁ\ P 4 F S¥

, Zx7 27 | S0 | 3R | 3RV, oL
{ad (F=%] @) G) |G | Q) @) | o= | Guw | o w (T3
“dhuzy dway duay "dn) "o v By “pboy Puipeay 13mpy g
o) sog WY nuduy »qoid g sy nmmaduat sopp Y QO LAY wp bo auty | eaamg

2.4 757 NOLLDANIA 1404 S e wu:mmux.. dd DIYLTWOHVA
Q7,27 a¥nss3ud DILVIS 2/ MOLYYISO XOU N0HINOD

- -0 azis) 312zon (P-BTFIEL ON IDHIONd
n. g@lﬁ"ﬁfst . L%, ¥ 1INn 1531

VW] NG

LHHHS YLVA ONITIWVS JOVLS

D-137



G 8=2my
o e X v ]

3 ‘DIAN "50d
z 2 e g £/ 323U WA lolid
£ 7% y . 33 Q- (]
MH VEE=) 5 T ‘N%M‘ o3 > e L nyy
...m ot ’ . 't ag 10 ‘o r o I} aopg
Swsising i 1Y) o) N a’gl | wo wp)owy I 1) °w
Ry s28nyduy 1 1 WA I
- 5'Q =OtH%
2 L2 =-mn
S L |
B =y
g ’§ 7= _W 7k
XA 2
AL A U A I ) R T R (e
™~ T 4
"4 ) . S fao Y 34
9 3 X oL AV X7 [oaT [ HoT [ 01
T : e d IR X777 e T | ST o7
T % Koicid B B 3 2 B IR B X
Mw N AP 3 Jmﬂl$| —goTlHET o7
25pnm SO | oF% |05 | o7 | et | aot R
| 7R~ i@ .~ EOF| oS | B | | Ho7 | Ao/ ol |OPAEES (g L
[FR) Q.. G, Gy | Guw 1. ) fozh w | fozinw) | oz vn )
“dusy “daag ‘dwag ‘duag »Q ) o p.boy Juipeay 1apyy wed
newwo) | g wy i v | wpig g o TN unmsadus) 33pp HY g 4¥ vid wp g sut | sesaau |
%ﬁﬁﬁ G Nolloguia wod 5% %7 3unss3ud 2iNiIn0avH
: : : JUNSSIUJ JILV.LS ¥OLYYIJO XOU T0HINOD
. z-L" "O__r'azis) 312zZoN [B-Ze P2X4 ON LO110HL
‘E.ﬁs ] AN - 12-MCONISEY Y0 (5" JINN 1531
“ON XO0H 1OH NOLLOEYYOD 3014180 ﬂ A5/ Lé—Ft-1 A1va isaL R 2, 1IN

JAdHS VLVA DN  IAVS JOVILS

D-138

b d



D-139



Sl Q) vd3

S1N W 0)
' - - SIg ESH F=3 [ "W
FT 27 el 57 —aof INANE 599 450 1 TAS RAAL
_ —£7 ESC | ] @l xog | 77 L ol 8£9 Gh 7T A4 otiv]
rec| o9 Z5C | 9 [-JA 9. LIl LT~ £$7 ' asé@ aj af - bl
I ETH 35T & S& 1921 L7 g . YA ATV
_ g g8 O oa7Hl
T waiaw| wawsie [P -3 ] : o}
e i g | w2 S Lt [ Gumm | demie . N
‘AIVEIMGL [ TRIVNIAL | gaova | AIWIAGL | Jweividaal | WML o P e it
VI ¥08 3davs Jmd ¥4 va AN0 nvis FNASS NG 221560 AUDOIIA AV 3N 313N SYI I M
S11nNm ANIAD VYD TV GO QWY QviN
. 1004V LIN04 FTHIAVEL 30 JAVIGHIS
MR . D uIgany NI N4
WAL XOQ NILVIN CdlIUNSEINY VLS
DH113E VALVIM 8084 AWNSEING DL IWONYE
WL 2 TUNLVEIIWAL ANIIGNY
“uv da1m N Cetes, I o L
NieNAM X0u ¥31 3 v W NRe
gt 2 o
] 7Y ] N 1y
— - - @/ -
— T R A L e
Hh 55 7%
vivgoTald
- i \ \
! 2 N

D-140



b d

Jo sday

AZANS VLVA DNITANVS BOUNOS yeeordarees JEERY
DONTIGANIONE ALITVAD HIV

"ONI 'SEOUNOSTY TVINGWNOUYIAN GNROLSATH

1ast A0Y
N
02
10
{02
FALLY | juy | SYD
i SINIWIYNSYIWN ALIYAd
i J
£ Y
.N ohamom\.
‘1 wwysa) 1 (@) )
NJIq [oinu] jouyg U0 "ON ney Wnnsup
sadudws safupduwy AIAHD AVI] INTLSAS
=0zl %
=-MH
ey
ﬂﬂwﬁ 7L S92 X2 |k | PX S50 [LZH =
A I A ey o4 136G h D Leel | in Q
V) | RGT | 23¢ E 83d CTh]
7% okl Z3¢ h 1%% 17269 | ZTH
27| 87 | Stz | W | b &% CToT [ VA
E/WIl 2L L T1T7Z | L [t YAVARAYN
4% % Lot/ ]
@) @) G (3) [ORw | @ (upusj3) [TEY) (s3yauy)
2w : ‘dwaa] Supsay
\ ~dwa | ‘dwa] dwia) ‘dwag W3 Suipsay Juipeay FETET] Ay uiog
aeoEEnD 9904 18updwsg voq Wl yng LILUELTN RPN | sasweoy g s g 12010 [ kaani)
" NGILOAYIA 1u0d FANSSIUd NdLINodv
YALAWYIQ HOVILS AT Yd- JOLVHEIJO WALSAS
H1V3a NOLLYYAITYD 5] ‘ON 31is CZT4TS "ON 103104d
(A) NOILDANNOD Y3 LW N u_ "ON 1531 LINMN 1531
=7 'ON V313N §YD A¥q — & [ETI T a1va lsal L34/ 3¢ Nad

Ll -N2-bl-N



oy N
o | oo
a s 10
O~£) 100
[ 4 1 sYD
gy
siopyg
[ ey | eapmod
DEHD AVE 101
R0
A Rt
Mmgtllﬁwﬂ o=l [P = () &=V ] 372
I .
S 737 A7 [ 7 [€e 7 | 96 | $¥o 0¥ |ec T/
5 | 707 Rl [Ex7 [Ec7 |90
7o &7 2T 7|97
s (ce/ |87 7] 9=
$4 |75/ | T 7|87 | 98
e/ |cc-7[¢c7| 95"
8| e/ £&77lcc s | 7o
FE I/ 887 €7 | 90"
/74 £/ |27 | £C7| 90
<4 e M| Ep/|EXT ] LT
zé | 397 €c /| sT/| 9o-
el | £6 |eor] oo/ X" [{ol7c7 |7€ 9| ob
. 3 @) Q) [@H™ [ [ot=] o9 (oot}
dung duay "darny ._l.— "o " [ nid 4 posabey Ll ] oy
Lo oy py | sndedw s’ Pug | weewp | swmecwelwwyt | WY ®apio 47 wng o g wnl | ey
. D€ azs 1y0q XTS5 ON XOf JONINGD W 3vY) A INOd O F & Funssaud Jfalanodve
YIQ BOVLS o NOLLOTWHOD 101d OTF, & £ _TUNSSTUY DILVLES MITED ISIL
—— _ON 331 M4 n 4-6 9 31vd NOLLYNEYD (r'azis) II1ZZoN tlmmm.umm ‘ON LD3J0Yd
T -~/ TON3IJ80ud cc OLLOYTNIOD N H - o -0Z-N oN 1saL
7 "ON xod a102/10H No.o (OH v ) NOILLOTNNOD 8O1INO & wew) €L-44 £ 3Lva isaL

‘ o N ofing JHHHS YLVA ONTIJHYVS 10V1S

ONIIFANIONE ATV IV / SEOUNOSHYE TVINTNNOMIANE HNOLSATA

D-142



(WY

- -\.-_.CT\.,..._ P_..._ .,
g LB 76" = arprw T g w
Nﬂ. % oY 10
5] it o gl o
L..mM M — t m o GooZ ] OS] =y
&um_ln 2 B 37 - - fooe | o) | wm
Wy.7 871 7 i ] sopy =P L)
soeeming N . mﬂz == o 1 o T Bmiad
‘ . oy aobupdeny TIPEST XORHO AVE) 104 FOAND AV INALSAE
&' B -otns 0P/ — )JosL
2 52 =AW K = PE- So)
] H 4P ciad
M@Iﬂ &lﬁn Huv zv) =) | = 151 = V] 09=¥
- — AL A
CH A | o eel [P/l g0 ENI /

Ter [ teT | e h@w

o6
ZT| Ok | &% | el [ee (eer et
X

A K, . o) z
7 (OH ¥ ) NOILOTWNIOD BDNO S:Q £3-&/-¢ akvg lsal

JLHHHS ViVvd ONI'TdWYS JA0V1S

- ONIIHENIONH ALrTVND IV / SAONNOSHY TVANTWNNOWIANG ENOLSAEA

-

LINN 1531
L] 1IN

D-143

[



N
0)
10
10D
] Jury | svo
s SINIWIYNSYIIN JLI¥A]L
¥
'€ 13y
4 >€0- Z/7 | o
: ‘omp)- | (I w)
uu.-obu.-h_nu _u_-_c— —am& ' sjuauo) .o—z @E\&.ay-ﬁ WIRAOE 5
138udu safuiduy A AYI] WILSAS
=0th%|
=MW
T
| Obl FLE Vi
Y134 g5\ 79 392\ 77 | B&| 37 29 gCh E56| 80-£)
Z5C LS| o3T | 422 17 P E 77 LY’ £S5 998 8s5.¢El
b3 LS ZoC ) 99& X1 Tb 7/ SL? SOULLB| BT
ZiZ o9 ST | 592 Zz 0k L7/ /L 1554L8) T 7.Cl
£/ 72 /5Z] 22& V4 z 8 7 ari2g | BEC
(4.) (1) 1)) (4.) Ho | @) | o m..!.a Uap) (sayauy}
L&l e dway | ooy (o ET) fupray
“dw dway dwal ‘dwa] H$g uy oy dwpuay R aunj wioy
RUIIWOY) Bundy xeg wH NS WA A I3 E& MLyRg— g big 32013 | Iniasee)
NOIL33%1Q 1M0d ¥NSSIYL DIYLIN0UVD
. YILIWYIA HOVIS Paviiy PIT dOLYHIJO WILSAS
FLYA NOLLYHEITYD — i &7 ‘OM alls 779 ON 1031044
(A) NOILDIWHOD WIIAN — Tel - Ao-7-/V  "ON 1531 ZIAOYSEE7 LINN 1S3L
"ON 43431 SYD A¥Q Z&/ZC/4 alva 1sial Tog AN
15711 VLVA ONITINYS BOANOS seaetdarevrr NN
ONIJFENIONT ALTVND ¥V _ -8 -
o stey *ONI 'SEOUNOSTY TYINAWNOUIANT ANOLSATY zeL - w2 -81-W

D-144



|

6/ 30Y

9'hb b -
{0
202
7 vny 1wy | svp
N SINIWIUNSYIIN FLI¥AS
N 4
: ¢ ok r k7 nyy
' T 1% Al Ef
1 < it KD IR TR
T T 1vel3 L) ‘ON .\N.au\ b iy wanssp
ssduyduy saBuydusg D, [0 Y31 WIISAS
=071i% |
=AW
E T
ad
“dix | P Il= oK | s Py x| ti'e L' | 5462 | Jps1 |[¥5T
IO P2 1 37=F | 7xg | #35( <8 | BT 1o | x| T 3wl o
A>T A) (%3 4L 1 BE Y4l I 4l7) 7 I'tfe 192 ™%,
APT ¥4 éor 24( A8 | hIT Teoo, | FET| 7
i{rr Y $p/ | WIE P AST y LU | pi<i o
4,) (1.) 4.) (4.) Huw | (1) . LA 0%p) (sayous)
‘dwa) > d...m Suipray
dway ‘dwajg ‘dwa) ‘dwie) wxg upeey FETCTT] ] Jr ¥
fHUMIWO oqosd 198upduy ¥og w0l 15 | whaasp IR |1aauney | o Lq ¥201) | astisery
NOILLOIYHIO LYOd " FUNSSIAYL DIBLIWOUVH
- WILAWVIA NOVIS =) ey HOLVYIIO WILSAS
31YQ NOLLYYEITYD a7 "ON 31IS "ON 1D310ud
(A) NOLLOZYYOD ¥3LAW - "ON 1531 dINN 1534
"ON ¥313KW §¥D A¥Q Lt h=az-¢  dlvalsal 1IN3ID
JUHHHS VIVA ODNI'TdWYS HOEN0S YESthbamwan '
ONTIHENIONH ALITVAD ¥IV - - -
P 22 vD-4) -V

"ONI ‘SHOUYNOSHY TVINBWNOUIANT ANOLISATN

D-145



e L /\
ot .mmv | R
. s [ 3] 10
| 8% : R X red S v OHT [ Fh | w00
R..m - %NWU.\M\« WO TN i T [
Y- = ) y "0 i 4 725N g nyy
2 "M 25 15, ; Za 1 %Jﬂu\\? ssopg
an«..{ RO o r—— N N | senmeg
, niuday " 1w ¥03HO Nval louMd WIINT ¥V WALSAS

~ | ©
N

o

A

EAE
Q
2
W3
~
2
ﬁﬁ

QL1 =

oXT | =7 =¥ ic/

foc|¢a ¥ 1o |aSbRCh s A

Lo T l]| Lo

Ol | 28] Lo

co'l | Lo LO

T

COoC |[fo-Cc] to-

gec| eo s | Lo

ErISg | =i | &7
. 251 36 | AL | S7 | #L7 [ #Z 7| 7T
D533 | €6 | ST [£°T | Ty &
Y T 7735 ZL| BT [0 ECF | LO”
- I oS 15 =7 [#&7 A7 | 90
DY 7771075 ob | U7 7N .4 Q"
7RV | o8¥e RO | A~ |Q7 [ =2 /& 156 2T CEP| do [Jer e[S O
.) Werd} (TR W) | o d.) W) | et w | ozi m) | (ot = Gp) g v £7 | (wqwm)
damy “dus) ‘dauay dueny "o " o p.bey Inpeay J3mpy wog
o) sog Wi wladey o b e ] e B Y ] HY swpp 47 g g bg sunp | mpan}p _
sy LG AIVIS “AFT ONXOGIOUND L E7 % NOLOTUGLNGd KE (7 FUNSSIU ONLANOUYE
ON Y : i /7 _¥OLVYI40 XO8 104LNOD

L "ON 1331084

GE22Y % 1nn 1531

L-2t=7 31va 1531 ] 2 224 1aano

o [ ooy LAHHS VLVA ONITdAYS JDVLS

D-146



v

O._m IN
0 09
Q9 10
o Ll 102

T 1
BaEae
7 wojeg

sapshy | sameed

V76 &7 yoand ava 1oid

L* FA- N4 Q- pyy
— /0w T L wopg
fw))) On =)
"y NOa WA A
UDFIHD AVIT WALSAS

379 =
i S0 .
. " iy ald
NZ = o) = | )27 = {HV )¢ “m@ Q&ﬂﬁﬁ 072V
rd h)
o/ ) BT S5 4
e e’ O/ [ & | OE7 | &&7 Ee7 | TO7
OF | od | 7 fge” AR
7 d KEA RN ECAVIAS L A RS
a2 | TH 5| V7 (-3 A7 B = - A RN |
- S OF | T | a7 | @87 | o€7| £°7
T FUE| F,| TP | i S| oF | W& | 9% [ oe7 [ oe7[ 507 ] SRR
Q) G,70.) @) Q) [T dw | G @) | omw | oW | lothw =) (=)
“duny dws) “dusng ‘due) »o " ey p.boy Smpery 13P14 mog
“% i uog wy nlodey Pug menavy ollmn..-._.! v SO dv wrg wp kg sup I_!...._L
» o XL VIq NIV IS £. _"ON XOd TO¥ING d __NOLLOITMIg 1¥0d Af'bZ TUNSSINd DNLINOUYE
‘ON NALN, c VIRELT _ 7, &/°C MINSSTUY DLLV.LS WOLVYIIO X0d JOULNOD
Zz= 2)°0_r'3z1s) 371ZZ0N B S2gf XL, ON 103104d
VMY ~/C-N "ON 1531 Y0 TTFVE] Royvs UNn 1s3L

DN XO8 Q)0 D ;
{, ONXOd 1OH <=3 TNI0D D140 oYy ) £4 -TU{ dLva isay

\ P [ eivg LAAHS VLVAd ONI'IdWVS JDV.LS

3@/ 3 ZAL] IN3IND

D-147

k3



/L 30v

IN
(4]
{0
[{on]
g uny | ¥ny S¥D
$ SINIWTUNSYIN TLi¥Ad
i J
¢ Py
T Lag’ 97 1 siopag
I N...:.R Q?i T
uajIq sty jang . nuAve) ‘ON - ary wnnasp
Jaiuidwy) saSudug AOIHD NYIT WIIGAS
=0Tl1%
=AW
Iy
££2°59] pPv3
@bt TI 1 SWT| Zig| ol | | 77 oL’ g8y eyl ST ip
LET| 45 LSt | alg Ll b L7 1L AR ETRY
SET| @9 1ge| =ist 38 s& [ 7 Jar* gaL k| 5581
. B Sk| o5:8]
ZIC | €9 | e¢| & T S& | 7 /2" gy6)
Qapin| Skill
{4.) 1) a,) 4,) nw [ ) | A7) i 1) Gp) (s3qau1}
- "qua, a!.‘..‘c.ﬂﬂ Buipray
xﬁ.—_uo.x-.*\k “da) -dway “dway .-n“_. Suipsay lupay & p owy) wo
HuAMIWo) aard raluyduy ba: B yng wondeA AP | saswney g "] wmp lg 13013 | anzang
NOILD3WYIG 1¥0d FUNSSIUd D1Y1IWOYYE
VALEWYIQ HOY1S Fhuge/ 95 HOLVIILO WILSAS
HLYQ NOLLVNEITYD @7 =z CoN alls TNy "ON LD310¥d
(A} NOILOTHYOD ¥313N ACL -NI-§7-# "ON 1531 YO8 ey SlT LINN 1S3L
"ON ¥ILIW SVYD A¥d £6/pc/L 31va 1s3L Jodg N3
1H8HHS YLVA DNTTIWVS HOUNOS Ynaa iy .'
“ ONIJHENIONH ALITVND IV
o L]

"ONI *SIOUNOSTY TVINSWNOWIANT ANOLSAHY

D-148



g 3by
_IN

x_‘!_,«... 02

{o

{02

7y Lund [ svo

SINTWITUASYIW LI¥AS

»

b ek b o

“&m“m.nw K lagy
w3 S Y3 3 a1043y)

(i) | Gt uy

swangilg el oy niano)

‘ON : ANy wnnaes
siudw rafupdusy ADIND AVYIAT NALSAS
=0T1%
M
H. 0 |
DAL LTI 7Z CUY | 788 | €5 M| Ty [ sve g7 [SBCPEF | 1o+
oXT 87 | A7 /o5 | <%

d VAT e | Sz | I | FEEs

T 77 M| Jxe | ¥% BE | T | dro | sz VR J177

sl .20 - exz [t 1% s Qx| x'o Y| SThOTR| Tl |
227 I3 o) | A = 1A ALY | Llo c Sth'eda] il ]
Q.) a,) .) @) G| G D e CH 7 WS oA GoP) (345
‘dwia] mt o 7N fupmay
‘dway ‘dwag ‘dag ‘dwa) wg | Tipeay iwau. fu } FEeEem un j ey
UMY 290, afupdwy xog W} yng wennp | ey ipawmoy] 2 4 L} P sen g 130)) | sssandli)

NOLLOTFYIQ LY¥Od

FTYNSSTYY DINLTINOUYY
YILIWVIQ HOVLS Jli . YOLVYIJO IVILSAS
31Va NOLLVNEITYD

i/ "ON JLIS ‘ON 1D310ud
(A) NOLLOAYYOD ¥ILIN - 'ON L53L LINGY 1531
"ON ¥FLIW SYD A¥Q C&/AT/L alvalsal TN
JUUHS VLVA ONI'TENVS 3DHN0S 9@ Hhtarenys Ny
ONRIBENIONT ALITVNO div
jo alny

‘ .o
"ONI ‘S8DUNOSHY TVINTWNOFIAN ENOLSATHN bl

o {3 -0

D-149

kA



m'.-.a- el L) -c-ﬁw- \ dﬁ\& \
: ' | Iu.&\ﬂkﬁ R.
‘s 0aN | ‘sod
'8 0-¢/ | 2oss |Reso PP PRI ¥J3HD Nva1 lolld
: 63k b | bass ¢ Sl soa N
» '8l kNS |Lics e T a1 02 Buy |
ALk £9255 Wl "0 7 i A R 0 g F|opg
oungng LT [T o) ] Lerl [ 787 100 fup)siwy | v
PR A = S I 1 WD yvai
I.%[uo«._u_ LB
&7 =M
-~ isanupsg % 'tq1 = A
/
e RNATRTS U
A0 ,
- ) - 72 g
e/ ) )
? im & T4 To~er BT BETT A PPV A AT
O/ Y OC | &4 877 QB 8487 [ASN
77 BTV o " 33| 1% 707 o
A7 107 ead T/ eLT oL 0
. S LA | ST P77 | go
HBE| 3997 | 352~ 06927 | 2F | " 28 | V&7 | or 7 56 |s0s 575 br "
.} (2e12.) (FR] Q,) TRCT] 1,) (1,) (oz3 =) ozl "wy fory w) Osp)
‘douzg ‘dung ‘dan) “dwsay L] L] By p.boy Fuipray P Tv) waag
fsawar xog ol nludog a1y Pug LT swwiadus] wep HY oaupig dr oy wp g awn ) LTI T _.
E@m s 7F VVIGH O %08 TOUINGD

C _2a .Ihwawfzﬁmmm._m_: 1304 ‘62 3¥AS§AUd DI LINOYVE
&) NOLLIAWNOD Jod _ Q'ly, 2 _

4ns

~/V "ON 1541
V M&»\.h.;&. divd 1531

j = LHUHS V1LVA ONI'IANVS JDV.LS
¥ /.

D-150



I 1 L
. oﬁf o } boa !
= angnp Y
¢m e »mzv J
w\m. ’ ‘0aN | 504
I.W 2 LS55 - S AIAND AVET 103K
‘O 1z BAKA : SLE T
7~k humhm r i Fea) 03 [..MQ > | =L | gy
[ty 1S T R . o8 10 o> | 6F [ wopa_,
Mt Pite) 3 o)) N (=24 100 (wpjewy | 3y v |
slnduny 2a0wpduiy t ) AD3HD NvA
S’ ~OtHY
XA LT
B T )
b=
= e
by 57
P kel
=. = = [ JIT§ vy nv§ TES=V 0%V
(4 — 7
N Mﬂ U : Al G
P Cog| o5 | &Z | 97 177 Ier1xs7
ocog| oOX | J¥¥ M\\ Jrr 7T gor
Y./ oogZ| UX Q;.lﬁ Tor? T rr1 oo
W s o[ OX | A | e | 17 W so7
.ok OV X [ X[ I 0r [ ro7
Y AT | LK [T~ | SCE| O 7 | OF | 95| 117 | W[ So7 [0S |[oe| of
2, @.,) K’R) Q) | @ | Gl [F) WtH ™ | oz =) | {ozn )
“duiay duy “detag “dun) "o ) Ry p.boy Japway RN oy
sog WH lodw) !1..— Pug [T TY sapndwag ppp HY wup dv wig np Lg swiy | wwizanay
¥ig XOVis 2 "ON X08 JOYINGD [ NOILOFWIA AYOd Mm ﬁmﬂ. AVNSSAHI SN LIWOHYE
. T, = O JUNSSAUL DLLYLS ¥OLYY¥3J0 X0 ._9.._ NO3

5O W'azis) ayzzoN

ON 1531
{ \.dv “SaFEE m:uﬂuwp

L1HHHS YLVA O JWVS JADVLS

NOILLDIYHOD 3014180

D-151

kA



D-6: Aldehvde Trains
As noted in Section 3.2.4, no aldehyde samples were taken at Locations 20 and

21 on July 18, 1993, Those samples were made up by conducting two aldehyde

sampling runs at those locations on July 23.
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SNOX, BAGHOUSE INLET,LOCATION 18

RUN NO.
"TEST DATE
SAMPLING TIME, 24 HOUR CLOCK FROM
TO
DN SAMPLING NOZZLE DIAMETER, IN.
T NET TIME OF TEST, MIN.
PB BAROMETRIC PRESSURE, IN. HG
PM AVG. ORIFICE PRESSURE DROP,
IN. H20
M VOLUME OF DRY GAS SAMPLED AT
METER CONDITIONS, CF (DRY)
™ AVG. GAS METER TEMPERATURE, F
VMSTD VOLUME OF DRY GAS SAMPLED AT
| STANDARD CONDITIONS, NCF (DRY)
W TOTAL H20 COLLECTED IN IMPINGERS

AND SILICA GEL, ML
VWGAS VOLUME OF H20 VAPOR COLLECTED, NCF

M MOISTURE IN STACK GAS
BY VOLUME, PERCENT

MD MOLECULAR FRACTION OF DRY GAS

Co2 STACK GAS C02, VOL PERCENT DRY

o2 STACK GAS 02, VOL PERCENT DRY

cc STACK GAS CO, VOL PERCENT DRY

N2 STACK GAS N2, VOL PERCENT DRY

EA STACK GAS EXCESS AIR, PERCENT

MWD MOLECULAR WEIGHT OF STACK GAS,
DRY BASIS

MW MOLECULAR WEIGHT OF STACK GAS,
WET BASIS

Cp PITOT TUBE COEFFICIENT

TS AVG. STACK TEMPERATURE, F

NP NET SAMPLING POINTS

D-214

7/18
1010
2041

0.247

384

29.60

256.1

105
216.4

473.0

20.8

81.3

22.8
30.5
29.4

397

45

7/19
1042
2030

0.215
384

28.95

245.5

110

200.8

550.0

24.2

10.74

Bl1.2

24 .4

30.5

29.2

385

43

7/21
1323
2055

0.215

384

29.17

227.7

90

194.5

396.0

17.4

81.2

26.6

30.5

29.4

398

42



SNCX, BAGHOUSE INLET, LOCATION 18

RUN NO.
TEST DATE
SAMPLING TIME, 24 HOUR CLOCK FROM
TO
pPsST STATIC PRESSURE OF STACK GAS,
IN. HG.
ps STACK GAS ABS. PRESSURE, IN. HG
Vs STACK GAS VELOCITY AT STACK
CONDITIONS, FPM
AS STACK AREA, SQO. IN.
Qs STACK GAS VOLUMETRIC FLOW RATE
AT NCRMAL CONDITIONS, NCFM (DRY)
QA STACK GAS VQLUMETRIC FLOW RATE
AT STACK CORDITIONS, ACFM (WET)
I ISOKINETIC RATE, PERCENT
MF PARTICULATE MASS--PROBE, CYCLONE,

AND FILTER, MG

CAN PARTICULATE LOADING--PROBE, :
CYCLONE, AND FILTER AT STACK 02,
GR/NCF (DRY)

CAT PARTICULATE LOADING--PROBE,
CYCLONE, AND FILTER AT STACK 02,
GR/ACF (WET)

CAN3 PARTICULATE LOADING--PROBE,
CYCLONE, AND FILTER AT 3% 02,
GR/NCF (DRY)

CAT3 PARTICULATE LOADING--PROBE,
CYCLONE, AND FILTER AT 3% 02,
GR/ACF (WET)

CAW PARTICULATE EMISSIONS--PROBE,
CYCLONE AND FILTER, LB/HR

D-215

i
7/18
1010
2041

-0.47

29.13

37s8

4776.

64208

125959

87.5

0.0

0.000"

0.000

0.000

2
7/19

1042

2030

-0.47"

28.48

3925

4776.
63612

130180

108.2

11764.7

0.902

0.441

0.567

0.472

451.589

3
7/21
1323
2055

-0.47

28.70

3909

4776,
65404

125644

101.9

0.0

0.000

0.000

0.000

©.000

[ ]



SNOX, BAGHOUSE INLET,LOCATION 18

RUN NO.
TEST DATE

VOLUME OF GAS SAMPLED, NCF (DRY)
MOISTURE FRACTION VOLUME, PERCENT
AVERAGE STACK TEMPERATURE, F

STACK VOLUMETRIC FLOW RATE, NCFM (DRY)
STACK VOLUMETRIC FLOW RATE, ACFM (WET)
ISOKINETIC RATE, PERCENT

BEXCESS AIR, PERCENT

PARTICULATE MASS - PROBE, CYC,FILTER CATCH,

MG

PARTICULATE LOADING,
GR/NCF AT STACK 02 (DRY)

PARTICULATE LOADING,
GR/ACF AT STACK 02 (WET)

PARTICULATE LOADING,
GR/NCF AT 3% 02 (DRY)

PARTICULATE LOADING,
GR/ACF AT 3% 02 (WET)

PARTICULATE EMISSIONS, LB/HR

D-216

7/18
216.4
8.8
397
64208
125959
87.5

22.9

0.000

0.000

0.000

0.000

7/19
200.8
1p0.7
395
€3612
130180
108.2

24 .4

11764 .7

0.902

0.442

0.967

0.472

491.6

7/21
194.5
8.2
399
65404
129644
101.9

26.6

0.000

0.000

0.000

0.000Q

0.0



SNOX, BAGHOUSE INLET,LOCATION 18

RUN NO. 1

TEST DATE 7/18
VOLUME OF GAS SAM?LED, NCM €.13
MOISTURE FRACTION VOLUME, PERCENT 8.8
AVERAGE STACK TEMPERATURE, C 202
STACK VOLUMETRIC FLOW RATE, NCMM 1818
STACK VOLUMETRIC FLOW RATE, CMM - 3566
ISOKINETIC RATE,. PERCENT | 87.5
EXCESS AIR,‘PERCENT 22.9

PARTICULATE MASS - PROBE, CYC,FILTER CATCH,

MG 0.0
PARTICULATE LOADING,
MG/NCM AT STACK 02 {(DRY) 0.0
PARTICULATE LOADING,

MG/CM AT STACK 02 (WET) 0.0
PARTICULATE LOADING,

MG/NCM AT 3% 02 (DRY) 0.0
PARTICULATE LOADING,

MG/CM AT 3% 02 (WET) : 0.0
PARTICULATE EMISSIONS, KG/HR 6.0

D-217

7/19
5.69
10.7

201
1801
3686

108.2

24 .4

11764 .7

2063.5

1008.3

2211.8

1080.7

223.0

7/21

5.51

203
1852
3671
101.8 .

26.6

| e |



SNOX, BAGHOUSE INLET, LOCATION 18

RUN NO.
TEST DATE
SAMBPLING TIME, 24 HOUR CLOCK FROM
TC
DN SAMPLING NOZZLE DIAMETER, IN.
T NET TIME OF TEST, MIN.
PB BAROMETRIC PRESSURE, IN. HG
PM AVG. ORIFICE PRESSURE DROCP,
IN. H20
M VOLUME OF DRY GAS SAMPLED AT
METER CONDITIONS, CF (DRY)
™ AVG. GAS METER TEMPERATURE, F
VMSTD VOLUME CF DRY GAS SAMPLED AT
STANDARD CONDITIONS, NCF (DRY)
VW "TOTAL H20 COLLECTED IN IMPINGERS

AND SILICA GEL, ML

VWGAS VOLUME OF H20 VAPOR CCLLECTED,NCF

M MOISTURE IN STACK GAS
BY VOLUME, PERCENT
MD MOLECULAR FRACTION OF DRY GAS
coz STACK GAS C02, VOL PERCENT DRY
02 STACK GAS 02, VOL PERCENT DRY
co STACK GAS CO, VOL PERCENT DRY
N2 STACK GAS N2, VOL PERCENT DRY
EA STACK GAS EXCESS AIR, PERCENT
MWD MOLECULAR WEIGHT OF STACK GAS,
DRY BASIS
MW MOLECULAR WEIGHT OF STACK GAS,
WET BASIS
CP PITOT TUBE COEFFICIENT
TS AVG. STACK TEMPERATURE, F
NF NET SAMPLING POINTS

D-218

7/22
925
1709

0.215
3B4

29.15

217.1

115

177.5

408.0

18.0

9.20

15.2

B1.3

18.5

30.6

29.4

397

42

5
7/23
818
1637
0.215
384

29.1¢6

229.8

110

189.5

324.0

14.2

Bl.4

15.0

30.6

29.8

401

42

7/24
855
1646

0.215
384

28.14

225.3

110

185.6

412.0

Bl.4

l6.2

30.6

25.5

391

42



SNOX, BAGHOUSE INLET, LOCATION 18

RUN NO. 4 5 &
TEST DATE 7/22 7/23 7/24
SAMPLING TIME, 24 HOUR CLOCK FROM 925 918 855
TO 1709 1637 1646
pPsT STATIC PRESSURE OF STACK GAS,
IN. HG. -0.47 -0.47 ~-0.47
BS STACK GAS BRBS. PRESSURE, IN. HG 28.68 28.69 28.67
vs STACK GAS VELOCITY AT STACK
CONDITIONS, FPM 3765 3750 3688
AS STACK AREA, SQ. IN. 4776 4776 . 4776 .
Qs STACK GAS VOLUMETRIC FLOW RATE
AT NORMAL CONDITIONS, NCFM (DRY) €2417 63397 61742
QA STACK GAS VOLUMETRIC FLOW RATE
AT STACK CONDITIONS, ACFM (WET) 124883 124372 122325
I ISOKINETIC RATE, PERCENT ?7.4 102.4 103.0
MF PARTICULATE MASS--PROBE, CYCLONE,
AND FILTER, MG 9879.6 0.0 11916.6

CAN - PARTICULATE LOADING--FROBE,
CYCLONE, AND FILTER AT STACK 02,
GR/NCF (DRY) 0.857 0.000 0.989

CAT PARTICULATE LOADING--PROBE,
CYCLONE, AND FILTER AT STACK 02,
GR/ACF (WET) 0.428 0.000 0.499

CAN3 PARTICULATE LOADING--PROBE,
CYCLONE, AND FILTER AT 3% 02,
GR/NCF (DRY) 0.882 0.000 0.989

CAT3 PARTICULATE LOADING--PROBE,
CYCLONE, AND FILTER AT 3% 02,

GR/ACF (WET) 0.441 0.000 0.499
CAW PARTICULATE EMISSIONS--PROBE,
CYCLONE AND FILTER, LB/HR 458.48 0.00 523.10
D-219
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SNOX, BAGHQUSE INLET, LOCATION 18

RUN NO. . 5 6
TEST DATE 7/22 7/23 7/24
VOLUME OF GAS SAMPLED, NCF (DRY) 177.5 189.5 185.6
MOISTURE FRACTION VOLUME, PERCENT 9.2 7.0 8.9
AVERAGE STACK TEMPERATURE, F . 357 401 391
STACK VOLUMETRIC FLOW RATE, NCFM ({(DRY) 62417 €3397 61742
STACK VOLUMETRIC FLOW RATE, ACFM (WET) 124883 124372 122325
ISOKINETIC RATE, PERCENT 97.4 102.4 103.0
EXCESS AIR, PERCERT" 18.5 15.0 16.2
PARTICULATE MASS - PROBE,CYC,FILTER CATCH,
MG 9879.6 0.0 11916.6
PARTICULATE LOADING,
GR/NCF AT STACK 02 (DRY) 0.857 0.000 0.589
PARTICULATE LOADING, )
GR/ACF AT STACK 02 (WET) 0.428 0.000 0.499
PARTICULATE LOADING, ,
GR/NCF AT 3% 02 (DRY) 0.882 0.000 0.989
PARTICULATE LOADING,
GR/ACF AT 3% 02 (WET) 0.441 0.000 0.498%
PARTICULATE EMISSIONS, LB/HR 458.5 0.0 523.1

D-220



SNOX, BAGHOUSE INLET, LOCATION 18

RUN NO.
TEST DATE

VOLUME OF GAS SAMPLED, NCM
MOISTURE FRACTION VOLUME, PERCENT
AVERAGE STACK TEMPERATURE, C
STACK VOLUMETRIC FLOW RATE, NCMM
STACK VOLUMETRIC FLOW RATE, CMM
ISOKINETIC RATE, PERCENT

EXCESS AIR, PERCENT®

PARTICULATE MASS - PROBE, CYC,FILTER CATCH,

MG

PARTICULATE LOADING,
MG/NCM AT STACK 02 (DRY)

PARTICULATE LOADING,
MG/CM AT STACK 02 (WET)

PARTICULATE LOADING,
MG/NCM AT 3% 02 (DRY)

PARTICULATE LOADING,
MG/CM AT 3% 02 (WET)

PARTICULATE EMISSIONS, KG/HR

D-221

7/22

5.03

202
1767
3536
97.4

19.5

9879.6

1961.4

980.3

2017.8

1008.4

208.0

7/23
5.37
7.0
205
1795
3521
102.4

is.0

7/24

£.26

199
1748
3463
103.0 ‘

16.2

11916.6
2262 .3
1141.8
2262.3

1141.8

237.3



SNOX, BAGHQUSE OUTLET, LOCATION 19

RUN NO.
TEST DATE
SAMPLING TIME, 24 HOUR CLOCK FROM
TO
DN SAMPLING NOZZLE DIAMETER, IN.
TT NET TIME OF TEST, MIN.
PB BAROMETRIC PRESSURE, IN. HG
PM AVG. ORIFICE PRESSURE DROP,
IN. H20
W VOLUME OF DRY GAS SAMPLED AT
METER CONDITIONS, CF (DRY)
™ AVG. GAS METER TEMPERATURE, F
VMSTD VOLUME OF DRY GAS SAMPLED AT
STANDARD CONDITIONS, NCF (DRY)
VW ' TOTAL H20 COLLECTED IN IMPINGERS

AND SILICA GEL, ML
VWGAS VOLUME OF H20 VAPOR COLLECTED, NCF

M MOISTURE IN STACK GAS
BY VOLUME, PERCENT

VD MOLECULAR FRACTION OF DRY GAS

coz2 STACK GAS C02, VOL PERCENT DRY

02 STACK GAS 02, VOL PERCENT DRY

co STACK GAS CO, VOL PERCENT DRY

N2 STACK GAS N2, VOL PERCENT DRY

EA STACK GAS EXCESS AIR, PERCENT

MWD  MOLECULAR WEIGHT OF STACK GAS,
DRY BASIS

MW MOLECULAR WEIGHT OF STACK GAS,
WET BASIS

cp PITOT TUBE COEFFICIENT

TS AVG. STACK TEMPERATURE, F

NP NET SAMPLING POINTS

D-222

7/18
1020
1810

0.247
380

29.15

1.60

258.4

95

221.8

480.0

B1.2

28.9

30.4

29.3

383

48

7/19
958
1840

0.247
- 480

28.95

325.3

97

273.1

715.0

31.4

10.32

14.6

Bl.2

24 .4

30.5

29.2

376

49

7/21
1308
1925

0.247

367

29.11

237.4

102

201.0

411.0

8l1.2

25.1

30.5

29.5
0.85
378

48



SNOX, BAGHOUSE OUTLET, LOCATION 19

RUN NO.
TEST DATE
SAMPLING TIME, 24 HOUR CLOCK FROM
TO
PST STATIC PRESSURE OF STACK GAS,
IN. HG.
PS STACK GAS ABS. PRESSURE, IN. HG
Vs STACK GAS VELOCITY AT STACK
CONDITIONS, FPM
AS STACK AREA, SQ. IN,
Qs STACK GAS VOLUMETRIC FLOW RATE
AT NORMAL CONDITIONS, NCFM (DRY)
671 STACK GAS VOLUMETRIC FLOW RATE
AT STACK CONDITIONS, ACFM (WET)
I ISOKINETIC RATE, PERCENT
MF PARTICULATE MASS--PROBE, CYCLONE,

AND FILTER, MG

CAN PARTICULATE LOADING--PROBE,
CYCLONE, AND FILTER AT STACK 02,
GR/NCF (DRY)

CAT PARTICULATE LOADING--PROBE,
CYCLONE, AND FILTER AT STACK 02,
GR/ACF (WET)

CAN3 PARTICULATE LOADING--PROBE,
CYCLONE, AND FILTER AT 3% 02,
GR/NCF (DRY)

CAT3 PARTICULATE LOADING--FPROBE,
CYCLONE, AND FILTER AT 3% 02,
GR/ACF (WET)

CAW PARTICULATE EMISSIONS--FROBE,
CYCLONE AND FILTER, LB/HR

D-223

1

7/18
1020
1810

~0.44

28.71

T 3437

4776.

58212

113986

9s5.9

0.000

0.000

0.000

0.000

2
7/19
958
1840

-0.44

28.51

3428

4776,
57145

1136381

89.2

21.3
0.001
c.001
0.001

C.001

3

7/21
1308
1925

-0.44

28.867

3340

4776.

57177

110768

95.5

0.000

0.000

©.000

0.000

ey

ol



SNOX, BAGHOUSE OUTLET, LOCATION 19

RUN NO.
TEST DATE

VOLUME OF GAS SAMPLED, NCF (DRY)
MCISTURE FRACTION VOLUME, PERCENT
AVERAGE STACK TEMPERATURE, F

STACK VOLUMETRIC FLOW RATE, NCFM (DRY)
STACK VOLUMETRIC FLOW RATE, ACFM (WET)
ISOKINETIC RATE, 'PERCENT

EXCESS AIR, PERCENT

PARTICULATE MASS - PROBE,CYC,FILTER CATCH,

MG

PARTICULATE LOADING,
GR/NCF AT STACK 02 (DRY)

PARTICULATE LOADING,
GR/ACF AT STACK 02 (WET)

PARTICULATE LOADING,
GR/NCF AT 3% 02 (DRY)

PARTICULATE LOADING,
GR/ACF AT 3% 02 (WET)

PARTICULATE EMISSIONS, LB/HR

D-224

7/18
221.8
8.9
383
58212
113996
99.9

28.59

0.000
0.000
0.000

0.000

7/1¢8

273.1

10.3

376
57145
113691
99.2

24.4

21.3
0.001
¢.001
0.001

0.001

7/21
201.0
8.3
378
57177
110768
95.5

25.1

0.000

0.000

0.C00

0.000



SNOX, BAGHQUSE OUTLET, LOCATION 19

RUN NO.
TEST DATE

VOLUME OF GAS SAMPLED, NCM
MOISTURE FRACTION VOLUME, PERCENT
AVERAGE STACK TEMPERATURE, C
STACK VOLUMETRIC FLOW RATE, NCMM
STACK VOLUMETRIC FLOW RATE, CMM
ISOKINETIC RATE, PERCENT

EXCESS AIR, PERCENT

PARTICULATE MASS - PROBE, CYC,FILTER CATCH,
MG

PARTICULATE LOADING,
MG/NCM AT STACK 02 (DRY)

PARTICULATE LOADING,
MG/CM AT STACK 02 (WET)

PARTICULATE LOADING,
MG/NCM AT 3% 02 (DRY)

PARTICULATE LOADING,
MG/CM AT 3% 02 (WET)

PARTICULATE EMISSIONS, KG/HR

D-225

7/18
6.28

8.9
., 195
1648
3228
99.9

2B.9

7/1s9
7.73
10.3

191
1618
3219
98 .2

24 .4

21.3

7/21
5.69
8.3
152
1619
3136
85.5

25.1

™M
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SNOX, BAGHOUSE OUTLET, LOCATION 19

RUN NO.
TEST DATE
SAMPLING TIME, 24 HOUR CLOCK FROM
TO
DN SAMPLING NOZZLE DIAMETER, IN.
TT NET TIME OF TEST, MIN.
PB BAROMETRIC PRESSURE, IN. HG
PM AVG. ORIFICE PRESSURE DROP,
IN. H20
VM VOLUME OF DRY GAS SAMPLED AT
METER CONDITIONS, CF (DRY)
™ AVG. GAS METER TEMPERATURE, F
VMSTD VOLUME OF DRY GAS SAMPLED AT
STANDARD CONDITICNS, NCF (DRY)
W TOTAL H20 COLLECTED 1IN IMPINGERS

AND SILICA GEL, ML
VWGAS VOLUME OF H20 VAPOR COLLECTED,NCF

M MOISTURE IN STACK GAS
BY VOLUME, PERCENT

MD MOLECULAR FRACTION OF DRY GAS

co2 STACK GAS C02, VOL PERCENT DRY

0z STACK GAS 02, VOL PERCENT DRY

CoC STACK GAS CO, VOL PERCENT DRY

N2 STACK GAS N2, VOL PERCENT DRY

EA STACK GAS EXCESS AIR, PERCENT

MWD MOLECULAR WEIGHT OF STACK GAS,
DRY BASIS

Mw MOLECULAR WEIGHT OF STACK GAS,
WET BASIS

CP PITOT TUBE COEFFICIENT

TS AVG. STACK TEMPERATURE, F

NP NET SAMPLING PCINTS

D-226

4
7/22
907
1750
0.247
480

29.20

307.2

100
261.8

613.0

27.0

81.3

22.9
30.5
29.3

380

47

7/23
901
1514
0.247
360

29.16

233.3

100

196.6

3s31.0

14.6

6.89

81.23

22.9

30.5

29.7

0.8%

381

48

7/24
900
1702

0.247
480

29.14

313.6

105

261.6

606.0

81.2

26.6

30.5

29.3

380

5¢C



SNOX, BAGHCUSE OUTLET, LOCATION 18

RUN NO.
TEST DATE
SAMPLING TIME, 24 HOUR CLOCK FROM
TO
PST STATIC PRESSURE OF STACK GAS,
IN. HG.
PS STACK GAS ABS. PRESSURE, IN. HG
vs STACK GAS VELOCITY AT STACK
CONDITIONS, FPM
AS "STACK AREA, SQ. IN.
s STACK GAS VOLUMETRIC FLOW RATE
AT NORMAL CONDITIONS, NCFM (DRY)
QA STACK GAS VOLUMETRIC FLOW RATE
AT STACK CONDITIONS, ACFM (WET)
I ~ ISOKINETIC RATE, PERCENT
MF PARTICULATE MASS--PROBE, CYCLONE,

AND FILTER, MG

CAN PARTICULATE LOADING--PROBE,
CYCLONE, AND FILTER AT STACK 02,
GR/NCF (DRY)

CAT PARTICULATE LOADING--PROEE,
CYCLONE, AND FILTER AT STACK Oz,
GR/ACF (WET)

CAN3 PARTICULATE LOADING--PROBE,
CYCLONE, AND FILTER AT 3% 02,
GR/NCF (DRY)

CAT3 PARTICULATE LOADING--PROBE,
CYCLONE, AND FILTER AT 3% 02,
GR/ACF (WET)

CAW PARTICULATE EMISSIONS--PROBE,
CYCLONE AND FILTER, LB/HR

D-227

4
7/22
507
1750

-0.44

28.76

3316

4776.

5€136

109877

96.8

42.6

0.003 .

0.001

0.003

0.001

5
7/23
501
1514

~-0.44

28.72

3288

4776.

56981

109038

85.5

0.000

0.000

0.000

©.000

6
7/24
900
1702

-0.44

28.70

3306

4776,

55895

109649

97.2

276.0

0.016

0.008

0.018

0.009

™y
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SNOX, BAGHOUSE OUTLET, LOCATION 19

RUN NO.
TEST DATE

VOLUME OF GAS SAMPLED, NCF (DRY)
MQOISTURE FRACTION VOLUME, PERCENT
AVERAGE STACK TEMPERATURE, F

STACK VOLUMETRIC FLOW RATE, NCFM (DRY)
STACK VOLUMETRIC FLOW RATE, ACFM (WET)
ISOKINETIC RATE, PERCENT

EXCESS AIR, PERCENT

4
7/22
261.8

9.3

380
56136

109977
96.8

22.9

PARTICULATE MASS - PROBE,CYC,FILTER CATCH,

MG

PARTICULATE LOADING,
GR/NCF AT STACK 02 (DRY)

PARTICULATE LOADING,
GR/ACF AT STACK 02 (WET)

PARTICULATE LOADING,
GR/NCF AT 3% 02 (DRY)

PARTICULATE LOADING,
GR/ACF AT 3% 02 (WET)

PARTICULATE EMISSICNS, LB/HR

42.6

0.003

0.001

0.003

0.001

D-228

7/23
196.6
6.9
381
56981
109038
95.5

22.9

0.000

0.000

0.000

0.000

7/24
261.6
9.2
380
55895
109645
57.2

26.6

276.0

0.016

0.008

0.018

0.009



SNOX, BAGHOUSE OUTLET, LOCATION 19

RUN NO.
TEST DATE

VOLUME OF GAS SAMPLED, NCM
MOISTURE FRACTION VOLUME, PERCENT
AVERAGE STACK TEMPERATURE, C
STACK VOLUMETRIC FLOW RATE, NCMM
STACK VOLUMETRIC FLOW RATE, CMM
ISOKINETIC RATE, - PERCENT

EXCESS AIR, PERCENT

PARTICULATE MASS - PROBE, CYC,FILTER CATCH,
MG

PARTICULATE LOADING,
MG/NCM AT STACK 02 (DRY)

PARTICULATE LOADING,
MG/CM AT STACK 02 (WET)

PARTICULATE LOADING,
MG/NCM AT 3% 02 (DRY)

PARTICULATE LOADING,
MG/CM AT 3% 02 (WET)

PARTICULATE EMISSIONS, KG/HR

D-229

7/22

7.41

193
1588
3114
96.8

22.9

42 .6

5
7/23

5.57

193
1613
3087
95.5

22.9

7/24

9.2

1983
1582
3104

97.2 -

26.6

276 .0

37.2

18.9

40.6

20.7

[ )



SNOX, SCR OUTLET, LOCATION 20, MULTI-METALS

RUN NO. 1 2 3
TEST DATE 7/19 7/22 7/24
SAMPLING TIME, 24 HOUR CLOCK FROM 1008 908 s02
TC 2040 1746 1736
DN SAMPLING NOZZLE DIAMETER, IN. 0.441 0.440 0.441
TT NET TIME OF TEST, MIN. 360 480 480
PB BAROMETRIC PRESSURE, IN. HG 29.10 29.38 28.35
PM AVG. ORIFICE PRESSURE DROP,
IN. H20 0.90 1.42 1.20
VM VOLUME OF DRY GAS SAMPLED AT
METER CONDITIONS, CF (DRY) 190.6 326.2 291 .4
™ AVG. GAS METER TEMPERATURE, F 105 108 107
VMSTD VOLUME OF DRY GAS SAMPLED AT
STANDARD CONDITIONS, NCF (DRY) l64.2 282.7 252.5
VW TOTAL. H20 COLLECTED IN IMPINGERS
AND SILICA GEL, ML 420.4 629.2 543.9
VWGAS VOLUME OF H20 VAPOR COLLECTED,NCF 18.5 27.7 23.9
v MOISTURE IN STACK GAS
BY VOLUME, PERCENT 10.12 8.91 B.65
viD MOLECULAR FRACTION OF DRY GAS 0.90 0.91 0.91
Co2 STACK GAS C02, VOL PERCENT DRY 13.0 13.0 13.0
J2 STACK GAS (©2, VOL PERCENT DRY 6.0 €.0 6.0
70 STACK GAS CO, VOL PERCENT DRY 0.0 0.0 0.0
N2 STACK GAS N2, VOL PERCENT DRY 81.0 1.0 81.0
A STACK GAS EXCESS AIR, PERCENT 3%.0 39.0 39.0
MWD MOLECULAR WEIGHT OF STACK GAS,
DRY BASIS 30.3 30.3 30.3
MW MOLECULAR WEIGHT OF STACK GAS,
WET BASIS 29.1 29.2 29.3
°P PITOT TUBE COEFFICIENT 0.84 0.84 0.84
'S AVG. STACK TEMPERATURE, F 656 664 664
NP NET SAMPLING POINTS 72 95 96

D-230



SNOX, SCR OUTLET, LOCATION 20, MULTI-METALS

RUN NO. 1 2 3
TEST DATE 7/19 7/22 7/24
SAMPLING TIME, 24 HOUR CLOCK FROM 1008 908 902
TO 2040 1746 1736
PST STATIC PRESSURE OF STACK GAS,
IN. HG. 1.25 1.28 1.18
PS STACK GAS AES. PRESSURE, IN. HG 30.35 30.63 30.53
Ve STACK GAS VELOCITY AT STACK
CONDITIONS, FPM 1124 1408 1304
AS STACK AREA, SQ. IN. 34560. 34560. 34560.
Qs STACK GAS VOLUMETRIC FLOW RATE
AT NORMAL CONDITIONS, NCFM (DRY) 108361 137904 127759
QA STACK GAS VOLUMETRIC FLOW RATE
AT STACK CONDITIONS, ACFM (WET) 269641 337300 313065
I ISOKINETIC RATE, PERCENT _ 85.3 87.1 93.2
MF PARTICULATE MASS--PROBE, CYCLONE,
AND FILTER, MG ’ 1356.1 1651.5 2140.4

CAN PARTICULATE LOADING--PROBE,
CYCLONE, AND FILTER AT STACK 02,
GR/NCF (DRY) 0.127 0.050 0.131

CAT PARTICULATE LOADING--PROBE,
CYCLONE, AND FILTER AT STACK 02,
GR/ACF (WET) 0.051 0.037 0.053

CAN3 PARTICULATE LOADING--PROBE,
CYCLONE, AND FILTER AT 3% 02,
GR/NCF (DRY) 0.153 0.108 0.157

CAT3 PARTICULATE LOADING--PROBE,
CYCLONE, AND FILTER AT 3% 0C2,
GR/ACF (WET) 0.061 0.044 0.064

CAW PARTICULATE EMISSIONS--PROBE, _
CYCLONE AND FILTER, LB/HR 118.08 106.33  142.81

D-231
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SNOX, SCR CUTLET, LOCATION 20, MULTI-METALS

RUN NO. 1 2 2

TEST DATE 7/19 7/22 7/24
VOLUME OF GAS SAMPLED, NCF (DRY) le4.2 282.7 252.5
MOISTURE FRACTICN VOLUME, PERCENT 10.1 8.3 8.7
AVERAGE STACK TEMPERATURE, F 656 664 664
STACK VOLUMETRIC FLOW RATE, NCFM (DRY) 108361 137904 127759
STACK VOLUMETRIC FLOW RATE, ACFM (WET) 269641 337900 313065
ISOKINETIC RATE; PERCENT 95.3 87.1 93.2
EXCESS AIR, PERCENT 38.0 38.0 39.0

PARTICULATE MASS - PROBE, CYC,FILTER CATCH,

MG ' 1356.1  1651.5 2140.4
PARTICULATE LOADING, :

GR/NCF AT STACK 02 (DRY) 0.127 0.090 0.131
PARTICULATE LOADING,

GR/ACF AT STACK 02 (WET) 0.051 0.037 0.053
PARTICULATE LOADING,

GR/NCF AT 3% 02 (DRY) 0.153 0.108 0.157
PARTICULATE LOADING,

GR/ACF AT 3% 02 (WET) 0.061 0.044 D.064
PARTICULATE EMISSIONS, LB/HR 118.1 106.3 142.9

D-232



SNOX, SCR OUTLET, LOCATION 20, MULTI-METALS

RUN NO. 1

TEST DATE 7/1%
VOLUME OF GAS SAMPLED, NCM 4.65
MOISTURE FRACTION VOLUME, PERCENT 10.1
AVERAGE STACK TEMPERATURE, C . 346
STACK VOLUMETRIC FLOW RATE, NCMM 3068
STACK VOLUMETRIC FLOW RATE, CMM 7635
ISOKINETIC RATE, PERCENT 95.3
EXCESS AIR, PERCENT 3.0

PARTICULATE MASS - PROBE, CYC,FILTER CATCH,

MG 1356,
PARTICULATE LOADING,
MG/NCM AT STACK 02 (DRY) 291.
PARTICULATE LOADING,
MG/CM AT STACK 02 (WET) 116.
PARTICULATE LOADING,
MG/NCM AT 3% 02 (DRY) 349.
PARTICULATE LOADING,
MG/CM AT 3% 02 (WET) 140.
PARTICULATE EMISSIONS, KG/HR 53.

D-233

2
7/22

B.01
8.9
351

3905

9568

97.1

35.0

3]

1651.

205.9

84.0

247.3

100.8%

48.2

3
7/24

7.15
8.7
351

3617

BB6S

93.2

39.0

2140.4

288.7

121.8

35B.8

146.4

64.8



SNOX, SCR OUTLET, LOCATION 20, MODIFIED METHOD 5

RUN NO.
TEST DATE
SAMPLING TIME, 24 HOUR CLOCK FROM
TO
DN SAMPLING NOZZLE DIAMETER, IN.
TT NET TIME OF TEST, MIN.
PB BAROMETRIC PRESSURE, IN. HG
PM AVG. ORIFICE PRESSURE DROP,
IN. H20
VM VOLUME OF DRY GAS SAMPLED AT
METER CONDITIONS, CF (DRY)
™ AVG. GAS METER TEMPERATURE, F
VMSTD VOLUME OF DRY GAS SAMPLED AT
STANDARD CONDITIONS, NCF (DRY)
W TOTAL H20 COLLECTED IN IMPINGERS

AND SILICA GEL, ML
VWGAS VOLUME OF H20 VAPOR COLLECTED, NCF

M MOISTURE IN STACK GAS
BY VOLUME, PERCENT

MD MOLECULAR FRACTION OF DRY GAS

co2 STACK GAS C02, VOL PERCENT DRY

Q2 STACK GAS 02, VOL PERCENT DRY

co STACK GAS CO, VOL PERCENT DRY

N2 STACK GAS N2, VOL PERCENT DRY

EA STACK GAS EXCESS AIR, PERCENT

MWD MOLECULAR WEIGHT OF STACK GAS,
DRY BASIS

MW MOLECULAR WEIGHT OF STACK GAS,
WET BASIS

Cp PITOT TUBE COEFFICIENT

TS AVG. STACK TEMPERATURE, F

NP NET SAMPLING POINTS

D-234

1
7/18
1030
1940
0.448
. 360

29.30

1.26

217.6

110

187.3

414 .3

18.2

66B

7721
1300
19

0.441

360

29.28

1se.2

104

172.2

356.2

81.0

43.7

30.3

29.2

663

3
7/23
504
1543

0.441
360

29.38

205.1

106
178.2

366.5

16.1

B0.3

48.8
30.2

29.2

558



SNOX, SCR OUTLET, LOCATION 20, MODIFIED METHOD 5

RUN NO.
TEST DATE
SAMPLING TIME, 24 HOUR CLOCK FROM
TO
PST STATIC PRESSURE OF STACK GAS,
IN. HG.
PS STACK GAS ABS. PRESSURE, TN. HG
Vs STACK GAS VELOCITY AT STACK
CONDITIONS, FPM
AS STACK AREA, S8Q. IN.
Qs STACK GAS VOLUMETRIC FLOW RATE
AT NORMAL CONDITIONS, NCFM (DRY)
QA STACK GAS VOLUMETRIC FLOW RATE
AT STACK CONDITIONS, ACFM (WET)
I ISOKINETIC RATE, PERCENT
MF PARTICULATE MASS--PROBE, CYCLONE,

AND FILTER, MG

CAN PARTICULATE LOADING--PROBE,
CYCLONE, AND FILTER AT STACK 02,
GR/NCF (DRY)

CAT PARTICULATE LOADING--PROBE,
CYCLONE, AND FILTER AT STACK 02,
GR/ACF (WET)

CAN3 PARTICULATE LOADING--PROBE,
CYCLONE, AND FILTER AT 3% 02,
GR/NCF {DRY}

CAT3 PARTICULATE LOADING--PROBE,
CYCLONE, AND FILTER AT 3% 02z,
GR/ACF (WET)

ChaW PARTICULATE EMISSIONS-~-PROBE,
CYCLONE AND FILTER, LB/HR

D-235

1
7/18
1030
1940

1.25

30.55

1402

34560,

136558

336507

83.5

0.000

0.000

0.000

0.000

7/21A

1300
19

1.25

30.53

1106

34560.
108771

265429

99.5

0.000

0.000

0.000

0.000

7/23
504
1543

1.10

30.48

1263

35460.

140443

311030

81.8

0.000

0.000

0.000

¢.000

[ 3 |



SNOX, SCR OUTLET, LOCATION 20, MODIFIED METHOD 5

RUN NO.
TEST DATE

VOLUME OF GAS SAMPLED, NCF (DRY)
MOISTURE FRACTION VOLUME, PERCENT
AVERAGE STACK TEMPERATURE, F

STACK VOLUMETRIC FLOW RATE, NCFM (DRY)
STACK VOLUMETRIC FLOW RATE, ACFM (WET)
ISOKINETIC RATE, PERCENT

EXCESS AIR, PERCENT

PARTICULATE MASS - PROBE,CYC,FILTER CATCH,

MG

PARTICULATE LOADING,
GR/NCF AT STACK 02 (DRY)

PARTICULATE LOADING,
GR/ACF AT STACK 02 (WET)

PARTICULATE LOADING,
GR/NCF AT 3% 02 (DRY)

PARTICULATE LOADING,
GR/ACF AT 3% 02 (WET)

PARTICULATE EMISSIONS, LB/HR

D-236

1
7/18

187.3
8.9
668

136558
336507
83.5

38.0

¢.000

0.000

0.000

0.000

7/23
172.2
8.3

© 663

108771
265429
99.5

43.7

0.000

0.000

0.000

0.000

7/23
178.2
8.3
558
140443
311030
81.8

48.8

0.000

0.000

0.000

0.000



SNOX, SCR OUTLET, LOCATION 20, MODIFIED METHOD 5

RUN NO.
TEST DATE

VOLUME OF GAS SAMPLED, NCM
MOISTURE FRACTION VOLUME, PERCENT
AVERAGE STACK TEMPERATURE, €
STACK VOLUMETRIC FLOW RATE, NCMM
STACK VOLUMETRIC FLOW RATE, CMM
ISOKINETIC RATE,. PERCENT

EXCESE AIR, PERCENT

PARTICULATE MASS - PROBE,CYC,FILTER CATCH,
MG

PARTICULATE LOADING,
MG/NCM AT STACK 02 {(DRY)

PARTICULATE LOADING,
MG/CM AT STACK 02 (WET)

PARTICULATE LOADING,
MG/NCM AT 3% 02 (DRY)

PARTICULATE LOADING,
MG/CM AT 3% 02 (WET)

PARTICULATE EMISSIONS, KG/HR

D-237

1
7/18

5.30
8.9
353

3866

9528

83.5

39.0

2
7/21

4.88

8.3

- 350

3080
7516
99.5

43.7

3
7/23

5.05
8.3
282
3976
8807
g1.8 -

48.8

r



SNOX, CONDENSER OUTLET, LOCATION 21, MODIFIED METHOD 5

RUN NO
TEST LATE
SAMPLING TIME, 24 HOUR CLOCK FROM
TO
DN SAMPLING NOZZLE DIAMETER, IN.
TT NET TIME OF TEST, MIN.
PB BAROMETRIC PRESSURE, IN. HG
PM AVG. ORIFICE PRESSURE DROP,
IN. H20
VM VOLUME OF DRY GAS SAMPLED AT
METER CONDITIONS, CF (DRY)
™ AVG. GAS METER TEMPERATURE, F
VMSTD VOLUME OF DRY GAS SAMPLED AT
STANDARD CONDITIONS, NCF (DRY)
VW TOTAL H20 COLLECTED IN IMPINGERS

AND SILICA GEL, ML

VWGAS VOLUME OF H20 VAPOR COLLECTED,NCF

M MOISTURE IN STACK GAS
BY VOLUME, PERCENT
MD MOLECULAR FRACTION OF DRY GAS
co2 STACK GAS €02, VOL PERCENT DRY
02 . STACK GAS 02, VOL PERCENT DRY
co STACK GAS, CO, VOL PERCENT DRY
N2 STACK GAS N2, VOL PERCENT DRY
EA STACK GAS EXCESS AIR, PERCENT
MWD MOLECULAR WEIGHT OF STACK GAS,
DRY BASIS
MW MOLECULAR WEIGHT OF STACK GAS,
WET BASIS
cp PITOT TUBE COEFFICIENT
TS AVG. STACK TEMPERATURE, F
NP NET SAMPLING POINTS

D-238

1
7/18
1015
1925

0.197
357

29 .30
1.18

228.9

loe
181.5

373.1

16.4

8l1.2

30.4
30.4

29.4

187

2
7/21
1300
1934

0.197

364

29.28

233.3

103

1%6.8

388.6

80.8

48.7

30.2

29.2

197

7/23
904
1525

0.185
364

29.38

241.1

105

1%8.9

383.3

16.9

81.2

30.4

30.4

29.4

199



SNOX, CONDENSER OUTLET, LOCATION 21, MODIFIED METHOD & .

RUN NO.
TEST DATE
SAMPLING TIME, 24 HOUR CLOCK FROM
TO
PST STATIC PRESSURE OF STACK GAS,
IN. HG.
BS STACK GAS ABS. PRESSURE, IN. HG
VS STACK GAS VELOCITY AT S1ACK
CONDITIONS, FPM
AS STACK AREA, SQ. IN.
Qs STACK GAS VOLUMETRIC FLOW RATE
AT NORMAL CONDITIONS, NCFM (DRY)
QA STACK GAS VOLUMETRIC FLOW RATE
AT STACK CONDITIONS, ACFM (WET)
I ISOKINETIC RATE, PERCENT
MF PARTICULATE MASS--PROBE, CYCLONE,

AND FILTER, MG

CAN PARTICULATE LOADING--PROBE,
CYCLONE, AND FILTER AT STACK 02,
GR/NCF (DRY)

CAT PARTICULATE LOADING--PROBE,
CYCLONE, AND FILTER AT STACK 0OZ,
GR/ACF (WET)

CANZ PARTICULATE LOADING--PROBE,
CYCLONE, AND FILTER AT 3% 02,
GR/NCF (DRY}

CAT3 PARTICULATE LOADING--PROBE,
CYCLONE, AND FILTER AT 3% 02,
GR/ACF (WET)

CAW PARTICULATE EMISSIONS--PROBE,
CYCLONE AND FILTER, LB/HR

D-239

1
7/18
1018
1925

0.07

29.37

3753

4032.
71179

105081

99.7

0.000

0.000

¢.000

C.000

2
7/21
1300
1934

0.06

29.34

3934

4032.

74443

110150

96.1

0.000

0.000

c.o000

0.000

7/23
904
1525

0.05

29.43

3838

4032,

72730

107473

101.3

0.000

¢.000

0.000

0.000

0.00C

¥ ¢



SNOX, CONDENSER

RUN NO.
TEST DATE

VOLUME OF GAS SA
MOISTURE FRACTIC
AVERAGE STACK TE
STACK VOLUMETRIC
STACK VOLUMETRIC
ISOKINETIC RATE,

EXCESS AIR, PERC



SNOX, CONDENSER OUTLET, LOCATION 21, MODIFIED METHOD 5 .

RUN NO.
TEST DATE

VCOLUME OF GAS SAMPLED, NCM
MOISTURE FRACTION VQOLUME, PERCENT
AVERAGE STACK TEMPERATURE, C
STACK VOLUMETRIC FLOW RATE, NCMM
STACK VOLUMETRIC FLOW RATE, CMM
ISOKINETIC RATE, PERCENT

EXCESS AIR, PERCENT

PARTICULATE MASS - PROBE, CYC,FILTER CATCH,
MG

PARTICULATE LOADING,
MG/NCM AT STACK 02 (DRY)

PARTICULATE LOADING,
MG/CM AT STACK 02 (WET)

PARTICULATE LOADING,
MG/NCM AT 3% 02 (DRY)

PARTICULATE LOADING,
MG/CM AT 3% 02 (WET)

PARTICULATE EMISSIONS, KG/HR

D-241

1
7/18

5.42
7.9
91
2015
2975
9.7

30.4

2
7/21
5.57
8.0
91
2108
3119
96.1

48.7

7/23
5.63
7.8
92
2061
3643
101.3 :

30.4

[ |



SNOX, CONDENSER OUTLET, LOCATION 21, MULTI-METALS

RUN NO.
TEST DATE
SAMPLING TIME, 24 HOUR CLOCK  FROM
TO
DN SAMPLING NOZZLE DIAMETER, IN.
TT NET TIME OF TEST, MIN.
PB BAROMETRIC PRESSURE, IN. HG
PM AVG. ORIFICE PRESSURE DROP,
IN. H20
VM VOLUME OF DRY GAS SAMPLED AT
METER CONDITIONS, CF (DRY)
™ AVG. GAS METER TEMPERATURE, F
VMSTD VOLUME OF DRY GAS SAMPLED AT
STANDARD CONDITIONS, NCF (DRY)
W TOTAL H20 COLLECTED IN IMPINGERS

AND SILICA GEL, ML
VWGAS VOLUME OF H20 VAPOR COLLECTED,NCF

M MOISTURE IN STACK GAS
BY VOLUME, PERCENT

MD MOLECULAR FRACTION OF DRY GAS

co2 STACK GAS C02, VOL PERCENT DRY

02 STACK GAS 02, VOL PERCENT DRY

Cco STACK GAS CO, VOL PERCENT DRY

N2 STACK GAS N2, VOL PERCENT DRY

EA STACK GAS EXCESS AIR, PERCENT

MWD MCLECULAR WEIGHT OF STACK GAS,
DRY BASIS

MW MOLECULAR WEIGHT OF STACK GAS,
WET BASIS

P PITOT TUBE COEFFICIENT

rs AVG. STACK TEMPERATURE, F

NP NET SAMPLING POINTS

D-242

1
7/19
1003
1802
0.187
504

29.10
1.23

328.6

110
272.1

608.3

26.7

81.0

39.0
30.3

29.2
.84

199

7/22
906
1755

0.197
504

29.38

0.88

271.9

112

226.3

455.8

20.0

81.0

39.0

30.3

29.3

189

7/24
800
1754

0.197
504

28.35

326.1

107

267.7

527.5

23.2

11.2

80.8

60.0

30.1

29.1

200



SNOX, CONDENSER OUTLET, LOCATION 21, MULTI-METALS

PST

j 23

Vs

Qs

QA

MF

CAN3

CAT3

ChaW

RUN NO.

TEST DATE

SAMPLING TIME, 24 HOUR CLOCK FROM
TO

STATIC PRESSURE OF STACK GAS,
IN. HG.

STACK GAS ABS. PRESSURE, IN. HG

STACK GAS VELOCITY AT STACK
CONDITIONS, FPM

STACK AREA, SQ. IN.

STACK GAS VOLUMETRIC FLOW RATE
AT NORMAL CONDITIONS, NCFM (DRY)

STACK GAS VOLUMETRIC FLOW RATE
AT STACK CONDITIONS, ACFM (WET)

ISOKINETIC RATE, PERCENT

PARTICULATE MASS--PROEBE, CYCLONE,
AND FILTER, MG

PARTICULATE LOADING--PROBE,
CYCLONE, AND FILTER AT STACK 02,
GR/NCF (DRY)

PARTICULATE LOADING--PROBE,
CYCLOKRE, AND FILTER AT STACK ©2,
GR/ACF (WET)

FARTICULATE LOADING--PROBE,
CYCLONE, AND FILTER AT 3% 0C2,
GR/NCF (DRY)

PARTICULATE LOADING--PROBE,
CYCLONE, AND FILTER AT 3% 02,
GR/ACF (WET)

PARTICULATE EMISSIONS--PROBE,
CYCLONE AND FILTER, LB/HR

D-243

1
7/19
1003
1802

0.06

289.16

3878

4032.

71918

1085896

99.3

385.1

0.022°

0.014

0.026

0.017

13.44

7/22
506
1755

29.44

3187

4032.
60259

89225
98.6

174 .8

0.012

c.o008

0.014

0.010

7/24
900
1754

0.06

29.41

3651

4032.

68934

102224

101.5

303.5

0.017

0.012

0.024

0.01le

10.31

~a

e



SNOX, CONDENSER OUTLET, LOCATION 21, MULTI-METALS

RUN NO. 1

TEST DATE 7/19
VOLUME OF GAS SAMPLED, NCF (DRY) 272.1
MOISTURE FRACTION VOLUME, PERCENT 9.0
AVERAGE STACK TEMPERATURE, F 195
STACK VOLUMETRIC FLOW RATE, NCFM (DRY) 71918
STACK VOLUMETRIC FLOW RATE, ACFM (WET) 108596
ISCOKINETIC RATE, PERCENT 99.3
EXCESS AIR, PERCENT 39.0

PARTICULATE MASS - PROBE, CYC,FILTER CATCH,

MG 385.1
PARTICULATE LOADING,
GR/NCF AT STACK 02 (DRY) 0.022
PARTICULATE LOADING,
GR/ACF AT STACK 02 (WET) 0.014
PARTICULATE LOADING,
GR/NCF AT 3% 02 (DRY) 0.026
PARTICULATE LOADING,
GR/ACF AT 3% 02 (WET) 0.017
PARTICULATE EMISSIONS, LB/HR 13.4

D-244

7/22

226.3

15s%
60759
89225
98.6

39.0

174.8

0.012

c.o008

0.014

0.010

7/24
267.7
8.0
200
68934
102224
101.58

60.0

303.5

0.017

0.012

0.024

0.01s

10.3



SNOX, CONDENSER OUTLET, LOCATION 21, MULTI-METALS

RUN NO. i

TEST DATE 7/19
VOLUME OF GAS SAMPLED, NCM 7.70
MOISTURE FRACTION VOLUME, PERCENT 9.0
AVERAGE STACK TEMPERATURE, C 92
STACK VOLUMETRIC FLOW RATE, NCMM ' 2036
STACK VOLUMETRIC FLOW RATE, OMM - 3075
ISOKINETIC RATE, PERCENT 99.3
EXCESS AIR, PERCENT 33.0

PARTICULATE MASS - PROBE,CYC,FILTER CATCH,

MG 385.1
PARTICULATE LOADING,

MG/NCM AT STACK 02 (DRY) ) 49.9
PARTICULATE LOADING,

MG/CM AT STACK 02 (WET) 33.0
PARTICULATE LOADING,

MG/NCM AT 3% C2 (DRY) 59.9
PARTICULATE LOADING,

MG/CM AT 3% 02 (WET) 39.7

PARTICULATE EMISSIONS, KG/HR 6.1

D-245

2
7/22
6.41
8.1
92
1706
2526
98.6

39.0

174.8
27.2
18.4
32.7

22.1

7/24

7.58

93
1952
2894
101.9 '

60.0

303.5

39.9

26.9

55.4

37.4

vy

>



APPENDIX E
QA/QC



E-1. Sampling Completeness

The goal for data completeness in this study was defined in the QAPP as at least 85
percent. One aspect of achieving this goal is the completeness of sampling activities. Table
E-1 shows the percent completeness of sampling of flue gas, solid and liquid streams at the
SNOX process. Footnotes to the table identify the causes of any incomplete sampling
efforts; any such deviations from plan are also discussed in Section 3.2.4 of this report.

TABLE E-1. COMPLETENESS OF SAMPLE COLLECTION AT SNOX PROCESS

Type of Sample Completeness (percent)

Flue Gas
Multi-Metals (Method 29) 100
Modified Method 5 {Method 23) 100
HEST Sampler 100
Canisters (VOC) 100
VOST (VOC) 100
TO-5 (Aldehydes) 100
Method 26A {Anions) 100
APHA 401 (Ammonia) 100
APHA B08 (Cyanide) 100
Filter Carbon 100
Filter Radionuclides 100
Particle Size Distribution

Impactors 100

Cyclones 100
Solid Samples
Boiler Feed Coal 100
Baghouse Ash 100
SO, Catalyst Waste 100
Liquid Samples
Sulfuric Acid 100




E-2.1 Elements (ICP)

Accuracy, precision, and completeness for elemental analysis conducted by CTE are
provided in Table E-2. Accuracy was determined by evaluating the recovery of a known
amount of a standard solution spiked into a digested sample. Precision was determined by
evaluating the relative percent difference of duplicate instrument analyses of a single digested
sample. A completeness of 100 percent was achieved for ICP analysis of elements.

Method &etection limits (DL) for elements in gas samples were calculated using the
following equation:

DL (ug/Nm®) = Instrument Desection Limit (ugimLy x 2i8¢sted Sample Volume (ml)
Gas Sample Volume (Nm?)

For example, the detection limit for cadmium in the filter from N-19-MUM-724 was
calculated as follows:

pL - 0005 g . 150 mL

-2 ugl
mL  04nlg e

This detection limit in pug/g units was then converted to units of ug/Nm® as follows:

0.4231 g

DL =72 upig x
HE'E 6.776 Nm?

= 0.12 pg/Nm?

T

(3¢}



TABLE E-2. ACCURACY, PRECISION, AND COMPLETENESS FOR ELEMENT ANALYSIS

_

Accuracy Precision
Analyte Target  Actual How Terget Actual Completeness
Compouads How Measured (%)  (%)® Measured (%) (%)@ (%)
LIQUID Spike Rocovery  75-125 RPD of 20 100

Duplicate
Analysis

Aluminum 84, 95 14,18
Antimony 85-105 1, 14
Arsenic 85-113 0-17
Boron NA NA#@
Banum 43-101 2.7, 3.1
Beryllium 106-110 ND#
Cadmium 99-102 ND
Cobalt 95-99 ND
Chromium 103-103 ND
Copper 85-102 ND, 25
Potassivm 82-100 3.8, 11
Lead 103-120 2-14
Mapganese 90-102 ND, 8.2
Mercury 106 0-17
Molybdenum 98-111 ND
Sodium 115™ 10, 16
Selenium 13-114 4, 13
Nickel 98-109 ND
Silicon NA NA
Titanium 101-104 9.5, 17
Vanadium 102-106 ND
SOLID Spike Recovery  75-125 RPD <20 100
Antimony 80-95 6-11
Arsenic 78-105 6-10
Aluminum NA 1.9-19
Barium 13-13] 0.2-11
Boron NA NA
Beryllium 94-102 7.4-8.7
Cadmium 94-101 ND
Cobalt 95-104 10-30
Chromium 95-103 1.8-10.3
Capper 84-98 2.2-123
Potassium T1-94 3.2-12
Lead 97-111 4,4
Manganese 91-104 0.6-7.9
Mercuxy B8-112¢ NA
Molybdenum 92-103 ND
Selenium 75-99 ]

E-3



TABLE E-2. (Continued)

Accuracy Precision
Analyte Target  Actual How Target Actual Completeness
Compounds How Measured (%) (%) Measured (%) (%)~ (%)
Sodium -45-230 . 3.1-25
Nickel 94-105 9.1-19.9
Silicon NA NA
Titanium 25-100 . 3.1-7.8
Vapadium 94-100 3.6-8
GAS Spike Recovery®™ 75:125 RSDof <20 100
. Refereace Swundard
Standards® Analysis
Antimony 83-119 1-17
Arsenic 16-115 1-21
Aluminum 45-127 1.14.6
Barium 87-104 2.4-7.9
Beryllium 72-108 0-2.2
Boron NA NA
Cadmium T76-147 ND
Chromium 87-143 2-8
Cobait 81-130" 0-18
Copper 78-114 0-4.4
Lead 85-109 1-10
Manganese £9-136 1.83.5
Mercury 80-144 0-36
Molybdennm 97-144 ND
Nickel 61-122 0.6-32
Potassium 26-104 1.8-200
Selepium 75-117 1-14
Silicon NA NA
Sodivm 3593 1.3-10
Titanium 29-102 0-2.2
Vapadium 85-114 ND-2.6

(a) Except where indicated, range represents range of resuits for multiple samples, two numbers separated by a comma
represents results for two samples, and single number represents results for single sample or determunation.

(b) Excludes outlier of 12 percent recovery.

(c) ND = Analyte not detected in sample therefore RPD could not be calculated.

(d) NA = Data not available or analysis not conducted.

(¢) Recovery from standard reference material.

(f) Excludes outlier of 12 percent recovery.

E-4

~1



e

E-2.2 Mercury

Accuracy, precision, and completeness results for CVAA analysis of mercury in gas
impinger samples conducted by Battelle are presented in Table E-3. Accuracy was
determined by evaluating the recovery of mercury spiked into digested sample matrix.
Precision was determined by caiculating the relative percent difference of duplicate
instrument analyses of a single sample. Accuracy and precision obtained met the target
objectives in all cases. A completeness of 100 percent was obtained for all mercury
analyses.

TABLE E-3. ACCURACY, PRECISION, AND COMPLETENESS FOR MERCURY ANALYSIS®

Accuracy " Precision
Analyte/Surrogate How Measured  Target  Actual How Target Actual
Compounds (%) (%)™ Measured (%) (%)™ Completeness
Mercury Spike Recovery  75-125  92-108 RPD*® of <20 0-5 100
Duplicate
Analysis

(2) Represents results from analysis of gas samples only.

(b) Except where indicated, range represents range of results for multiple samples, two numbers separated by a comma
represents results for two samples, and singie number represents resuits for single sample or determination.

(¢) RPD = relative percent deviation.



| W

E-2,3 Ammonia/Cvanide

A summary of the accuracy, precision, and completeness obtained for the
ammonia/cyanide analysis is provided in Table E-4. Accuracy was determined by calculating
the recovery of a known amount of analyte spiked into a sample. Precision was determined
by duplicate instrument analysis of a single sample. The accuracy and precision obtained
met the target quality objectives in all cases, except for the precision associated with the
duplicate analysis of a sample containing ammonia at a level less than the detection limit. A

-
completeness of 100 percent was achieved for all samples. '

The method detection limits for ammonia and cyanide in gas samples were calculated
using the following equation:

DL (ug/Nm?) = Instrument Detection Limit (pgl;sample)
Gas Sample Volume (Nm?®)

No example calculation is provided since ammonia and cyanide were detected in all
samples.
TABLE E4, ACCURACY, PRECISION, AND COMPLETENESS FOR AMMONIA AND CYANIDE -
ANALYSIS .
E N — R

Accuracy Precision
Analyte How Measured  Target  Actual How Target Actual Analytical
(%) (%)™ Measured (%) (%)™ Completeness
(%) .
Spike Recovery RPD of
Duplicate
Analysis

Ammonia 75-125  100-104 <20 0-12™ 100
Cyanide 75-125  85-105 <20 2,2 100

(a) Except where indicated, range represeats range of results for multiple samples, two numbers separated
by a comma represents results for two samples, and singie number represents results for single sample
or determination.

(L)) RPD results of 12 at 0.078 and 0.088 ugN/mL level (0.094 and 0.106 ug NH,/mL),

E-6

[ 30 |



E-2.4_ Anions

Accuracy, precision, and completeness results for anion analysis are presented in
Table E-5. Accuracy was determined by evaluating the recovery of target analytes spiked
into sample matrix as well as analysis of a standard reference material (SRM). Precision was
determined by calculating the relative percent difference of duplicate analysis of a single
sample. Accuracy and precision obtained met the target objectives in all cases. A
completeness of 100 percent was abtained for all anion analyses,

Detection limits for anion analyses of gas samples by ion chromatography were
determined by the observation of a calibration standard which when analyzed provided an
approximate 3:1 signal-to-noise ratio.

Species which interfered with the chromatographical analysis of a sample, i.e. a
species which overloaded the column or eluted near the retention window of interest, were
corrected for by sample dilution which in turn required a proportional increase in the
detection limit for the sample. The method detection limit is calculated as follows:

DL (ug/Nnm’) = Lowest Level Calibration Std {ug/mL) x

Sample Dilution Factor x )

Extraction Volume (mL)/Gas Sample Volume (Nnt’)
For example, in the analysis of chloride in filter sample N-21-FCi-722, a large interferring
peak in the chromatogram required a dilution of 1:100 to determine the chloride level. The

detection limit for the sample was then determined as follows:

0.010 pg/mL x 100 x 20 mL/1.199 No* = 17 pg/Nt’
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" TABLE E-5. ACCURACY, PRECISION, AND COMPLETENESS FOR ANION ANALYSIS

e - A -]
Accuracy Precision
Anajyte/Surrogate How Measured Target Actual How Targer  Actual )
Compounds (%) (%) Measured (%) (%) Completencss -
Gas (Impinger Jolution} Spike Recovery RPD of 100
Duplicate
Analysis
Chioride 75-125 NA < 94
Fluoride 75125 NA < 0757
SRM Anmalysis ':
Chloride 143-171 ppm 154,154 ppm
Fluoride 1.55-2.02 ppm1.84-1.92
ppm
Gas (Filter) Spike Recovery RPD of 100
Duplicate
Analysis
Chloride . 75-125 98,125 ' <20 12,15
Fluoride '[5-125 99-108 <20 0.1,1.3
Sulfate 75-125 100 <20 09,02
Phosphate 75-125 114 ' <20 1.1
SRM Analysis
Chloride 143-171 ppm 161,166 ppm
Fluoride 1.55-2.02 ppm1.72-1.96 -
ppm N
Sulfate 70.1-93.9 ppm$83.8,88.8
ppm
Phosphate 0.555-0.779 0.589 ppm
' PPM
olids/Liguids Spike Recovery RPD of 100
Duplicate
Analysis .
Chioride 75-125 95 <20  4.6,14
Fluoride 75-125 106,111 <20 105
Sulfate 75-125 86 <20 0.47-
3148
Phosphate 75-125 78-113 <20 0.0
SRM Analysis
Chloride 143-171 ppm 155-175 ppm
Fluonide 1.55-2.02 ppm1.62-1.77 -
ppm
Sulfate 70.1-93.9 ppm76.5-84.4
ppm
Phosphate 0.555-0.779 0.648-0.730
ppm ppm

NA = not analyzed or data not available.



E-2.5 VOC

E-2.5.1 _Gas Samples (VOST). A summary of the accuracy, precision, and
completeness obtained for analysis of VOC in VOST samples is shown in Table E-6. To
determine accuracy, each sample was spiked with four surrogate compounds prior to
analysis. Recovery of the surrogate spike was then considered as the analytical accuracy.

As shown, the surrogate spike recovery met the original objectives of 26-160 percent in most
cases.

A method detectioi'l limit of 25 ng/sample was determined by calculating ten times
the standard deviation of replicate analyses of a 50 ng standard. Detection limits for
individual samples were then calculated by dividing 25 ng/sample by the associated gas
sample volume.

TABLE E-6. ACCURACY, PRECISION, AND COMPLETENESS FOR YOC VOST ANALYSIS

Accuracy Precision
Analyte/Spike How Measured  Target  Actual How Target Actual (%)
Compounds {%) (%) Measured (%) Completeness
Surrogate Spike 100
Recovery
d,-1,2-Dichloroethane 26-160 42-128 <20 NA
dg-Toluene 26-160  63-164, ‘ <20 NA
503w
d¢-Benzene 26-160 77-13% <20 NA
p-Bromofluorobenzene 26-160  26-112 <20 NA

(a) Interference in sample may have contributed 1o high percent recovery.



E-2.5.2 Gas Samples (Canister). A summary of the precision, accuracy and

completion obtained for analysis of VOC in canister samples is shown in Table E-7.
Information on accuracy was obtained from a canister spiked with four target compounds.
The concentrations of the four components were established by reference to the 41
component calibration cylinder. This cylinder has been recently audited by US EPA and
shown to be within 3 10 percent of the stated values for 15 compounds common to both
mixtures. The contents of the spiked canister were directed through the sampling train and
into a second canister, Both canisters were analyzed to determined the amount recovered.
Analytical precision was determined by repeated analyses (3 times) of a 1/100 dilution
mixture from the 41 component calibration cylinder. The four components used during the
field spike experiment are reported. A completeness of 100 percent was achieved for
canister apalyses.

Detection limits for VOC in canister samples were calculated as follows:

Concentration of Stds (ppb) .
L = 3 X (Peak A N
DL (epb) Average of Range of Std Peak Areas (all) * (Pe rea Noise)

The calibration cylinder contained the 41 target components each at a nominal concentration
of 200 ppb. The cylinder was dynamically diluted to the 6 ppb level. Using the selective
ion monitoring mode of the GC/MS, area counts from 850,000 to 1,700,000 were obtained
for the target compounds. The peak area noise was approximately 35,000 area units. No
changes in electron multiplier gain was made during the study so the above responses hold
throughout the time period. With these results, the actual detection limit achieved was
calculated as follows:

= 6 ppb =
DL (ppb) 7007000+ 850.000772) x 3 (35,000) = 0.5 ppb

The detection limit in ppb units was then converted to pg/Nm’ units by multiplying

by a conversion factor, For example, 1 ppb of trichlorofluoromethane at 0°C and 760 mm is

equal to 6.11 ug/Nm?; therefore the converted detection limit was 3.06 ug/Nm?’.

E-10
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TABLE E-7. ACCURACY, PRECISION, AND COMPLETENESS FCR VOC CANISTER ANALYSES

N
Accuracy Precision
Analyte/Spike How Measured  Target  Actual How Target Actual Completeness
Compounds (%) (%) Measured (%) (%) (%)
Spike of Sampling RSD® of 100
Train with Replicate
Canister Analysis of
Standard
Cylinder
Benzene 25.6 ug/Nm® 75-125 108 <20 %14
Tolueae 23.0 ug/Nm?® 75-125 122 <20 %7
Ethylbenzene 25.6 pug/Nm’ 75-125 109 <20 1 8
Styrene 19.2 ug/Nm’ 75-125 102 <20 £ 16
.

(a) RSD = relative standard deviation.
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E-2.6 PAH/SVOC

Accuracy, precision, and completeness results for PAH/SVOC analysis of gas and
solid samples are presented in Table E-8. Accuracy was determined by recovery of
perdeuterated PAH spike compounds added to the samples prior to extraction. In most
cases, spike recoveries met the target objective of 50 to 150 percent. Precision was
determined by evaluating the relative standard deviation of calibration standard analyses,
The average relative standard deviation (RSD) for three calibration standards, 0.05 ng/uL,
0.1 ng/ul,, and 0.5 ng/uL is presented in Table E-8. As shown, this average RSD is below
the target 30 percent in all cases. Individual RSD for these three standards were also below
the 30 percent target. A completeness of 96 percent (23 samples analyzed/24 samples
received) was achieved due to the loss of the XAD-2 resin from sample N-20-MM5-718
during sample preparation. A completeness of 100 percent was achieved for the solid
samples. '

The estimated detection limit for PAH is 0.01 ng on column and for SVOC is
0.05 ng on column with a 1-uL injection. At these concentration levels, the signal-to-noise
ratio is about 3. The detection limit for PAH/SVOC was calculated using the following
equation:

_ Estimated Detection Limit Concentration x Final Volume of Extract Analyzed

DL uh an 4
Gas Sample Volume x  Fraction of Extract Analvzed

For example, the detection limit for hexachloroethane in N-18-MM5-X-718 was calculated as

follows:

0.05 ng/ul x 2000 puL _ 17.2 ng/Nm?
5.8014 x 1.0

E-12
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TABLE E-8. ACCURACY, PRECISION, AND COMPLETENESS FOR PAH/SVOC ANALYSIS
OF GAS AND SOLID SAMPLES

Accuracy Precision
Analyte/Surrogate How Measured  Target  Actual How Target Actual
Compounds (%) (%) Measured (%) (%) Completeness
Recovery of
Perdeuteruted
PAH Spike
GAS 96
d,-Chrysene 50-150 55-115
d,;-Beazo(k)fluoranthene 50-150 43-143
SOLID 100
d,,-Chrysene 50-150 53-56
d,.-Beazo(k)fluoranthene 50-150 47-56
RSD of < 30
Calibration
Standard
Analysis
GAS/SOLID
Benzylchloride 15.9
Acetophenone 15.1
Hexachloroethane 11.3
Naphthalene 7.5
Hexachlorobutadiene 11.2
2-Chloroacetophenone B.2
1-Methylnaphthalene 7.4
2-Methyinaphthalene 53
Hexachlorocyclopents- 12.3
diene .
Bipheayl! 6.6
Acenaphthylene 5.2
2,6-Dinitrotoluene 79
Acenaphthene 6.4
Dibenzofuran 6.9
2,4-Dinitrotoluene 8.8
Fluorene 6.1
Hezxachlorobenzene 6.5
Pentachlorophenol 11.2
Phenanthrene 11.6
Anthracene 6.7
Fluoranthene 13.2
RSD of
Calibration
Standard
Analysis
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TABLE E-8. (Continued)

N AR

Accuracy Precision
Analyte/Surrogate How Measured  Target  Actual How Target Actual
Compounds (%) (%) Measured (%) (%) Completeness
Pyrene 9.2
Benz(s)anthracene 8.6
Chrysene 6.0
Henzo(b&k)fluoranthene 8.0
Benzo(e)pyrene 7.5
Benzo(a)pyrene 9,2
Indeno{1,2,3-c,d)pyrene 10.5
Dibenzo(a,b)anthracene 11.1
Benzo(g,h,i)perylene 6.5

E-14
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E-2.7 Aldehydes

Accuracy, precision, and completeness results for analysis of aldehydes in gas
samples are presented in Table E-9. Accuracy was determined by recovery of analytes
spiked into water. As shown, except for a 179 percent recovery of formaldehyde spiked into
water at or near the method detection limit, all recovenies met the target objective of 50 to
150 percent. The precision was determined by the relative standard deviation of standard
analyses and also met the target objectives. Completeness of 100 percent was obtained for
both gas and liquid samples.

Method d‘etection limits for aldehydes in gas samples were calculated using the
following equation:

Culigiml) V() MW,

e-avy x neal
ASTD un (N m 3) M WDER

DL(ug/Nm?® = A, x

where:

Detection Limit ‘
Minimum detectable peak area of carbonyl

‘s

Ay = Peak area of carbonyl derivative in standard solution
C.: = Concentration of carbonyl derivative in standard solution
Vv = Average final volume of DNPH-acetonitrile solution
A% = Average volume of air sampled

MW, = Molecular weight of neat carbonyl compound
MWper = Molecular weight of carbonyl derivative.

Actual detection limits were calculated as follows:

2 pgimL 31.7 mL x 30.03

4
30 x 2555 ¥ Toass e © 210

= 2.6 ug/Nm?
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TABLE E-9. ACCURACY, PRECISION, AND COMPLETENESS FOR ALDEHYDE ANALYSES

Accuracy Precision -

Analiyte/Spike How Measured  Target  Actual How Target Actual Completeness
Compounds (%) (%)™ Measured (%) (%) (%)
GAS Spike Recovery RSD of 100

Standard

Analysis -
Formaldehyde 50-150 114-122® + 15 045 .
Acetaldebyde 50-150 85-100 + 15 0.57
Acrolein ' 50-150 NA® +15 032
Propionsaldehyde 50-150 8195 + 15 0.59

o A e

(a) Except where indicated, rapge represents range of results for multiple samples, two numbers separated by a comma
represents results for two samples, and single number represents results for single sample or determination.

{b) Excludes 179 percent recovery for spike at detection limit of method.

(¢} NA = Not anatyzed.

i~
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E-2.8 Radionuclid

Accuracy, precision, and completeness results for radionuclide analysis are presented
in Table E-10. Accuracy was determined by evaluating the recovery of cesium-137 spiked
into sample matrix. Precision was determined by evaluating results of duplicate sample
analyses. The precision achieved met the target objective of +3 standard deviations; relative
percent differences (RPD) are provided in Table E-10 for comparability with other analytical
data. A completeness of 100 percent was obtained for all radionuclides analyses.

The method detection limit for radiunuclides was calculated using the following

equation:
MDC = 4.65 yBKG + 2.71
(2.22)(EFF)(AVOL)(CTIME)(Ab) (D)

where:

MDC = Minimal detectable concentration

BKG = Background counts

EFF = Counting efficiency

AVOL = Aliquot volume (g or L)

CTIME = Count time (min)

Ab = Abundance of emission

D = Decay cormrection

2.22 = Conversion from dpm to pCi

4,65, 2.71 = Constants.

This equation is derived from the following reference:
"Lower Limit of Detection: Definition and Elaboration of a Proposed Position for

Radiological Effluent and Environmental Measurements”, L. A. Cume,
NUREG/CR-4007, U.S. Nuciear Regulatory Commission, September 1984.
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TABLE E-10. ACCURACY, PRECISION, AND COMPLETENESS FOR RADIONUCLIDE ANALYSIS

Accuracy Precision
Apalyte/Surrogate How Messured  Target  Actual How Target Actusl (%) .
Compounds (%) (%) Measured (%) Completeness
Spike Recovery RPD of 100
Duplicate
Analysis®
Cs-137 NA 100-109
Pb-210 ' . - 5
Pb-212 - 14
Ra-226 - I
Ra-228 - 20
Th-234 - 10
U-234 - a9
U-235 ' - 33

(a) Precision pot provided for radionuclides not detected in both sample and duplicate.

(b) All duplicate results agreed to with +3 standard deviations target objective; RPD provided
for comparability with other analytical data.

NA = Not availabie.

E-18
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E-3. Method Detection Limi

Approximate emission detection limits obtained for gas samples in which analytes were not
detected are listed in Table E-11.

TABLE E-11. EMISSION DETECTION LIMITS

Actual Emission Detection Limit Target Emission Detection Limit
(pug/No)® (pg/Nm’)

Element
Mo NC 1.5
B NC 1.2
Sh 1.0 0.3
As NC 0.06
Ba NC 0.3
Be NC 0.3
cd : 0.2 - 0.3
Cr NC 1.2
Pb NC 0.06
Mn : NC 0.3
Hg A NC 0.03
Ni NC 1.2
Se NC 0.12
v NC 0.6
Cu NC 0.6
Co 0.3 0.9
Ammonia NC 150
Cyanide NC 191
Anions
F . NC 3
Cr 15 3
PO” 6 30
s0,.- NC 7.5
PAH/SYOC 0.4-20 0.1-10 ng/Nm*®
Aldehydes 2 2
VOC - Canister 4 6
vYOcC - VOST 6 1.3-7.5

(a) Approximate emission delection limit obtained in sample analyses. Values for PAH/SVOC are in ng/Nm’.
(b) Calculated target emission detection limit will range from 0.1 to 10 ng/Nm® depending upon SVOC compound
and matrix.

NC = Not calculated because analyte concentration was above method detection fimit in samples.
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APPENDIX F
ANALYTICAL PROTOCOL



E-1. Element Analytical Protocols

Elements in flue gas, solid, and liquid samples were analyzed by various methods

(ICP, GFAA, PIXE, CVAA) according to the procedures described in the QAPP, Specific

deviations from those procedures were as follows:

)]

@

&)

Samples sent to CTE for analysis instead of Battelle. In order to meet the reporting
deadline, it was necessary to send process solid, process liquid, PSDS filter, and gas
samples (excluding impinger samples for mercury analysis) to Commercial Testing
and Engineering Company (CTE) in Denver, Colorado for analysis. CTE followed
the Quality Assurance Plan for element determinations with the following exceptions;

¢  The analyses of solid samples by CTE for mercury were accomplished by a
double gold film amalgamation. No spike samples were performed due to the
use of a solid sample matrix. However, recoveries for solid reference materials

were within the limits established for this program.

e Silicon, aluminum, titanium, potassium, and sodium, in solid samples (boiler
feed coal, SO, catalyst waste, and baghouse ash) were determined by X-ray
fluorescence spectroscopy, in accordance with ASTM 04326, instead of ICP.

The H,0, reagent blank was lost during sample preparation. Train blanks are not
corrected for this reagent blank. Samples results, by process of subtracting train
blank results, are corrected for contributions from this reagent.

Filter reagent blanks analyzed for elements had unexplained outlying results in
several cases. Duplicate Pallflex 102 mm filter reagent blanks were analyzed.
Results for one of these reagent blanks were as expected with element concentrations
equivalent or significantly below sample results. The second Pallflex 102 mm filter
reagent blank had extremely high concentrations of aluminum, potassium, and

sodium which were considered outliers and not considered in blank corrections.
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Likewise in the analysis of triplicate Pallflex 86 mm filter reagent blanks, outlying

results were obtained for aluminum and sodium in one blank and for potassium in a

second blank. Again, these outlying results were not included in reagent blank <
corrections.

) Problems with Si and B determinations of Method 29 samples by CTE. Boric acid
was used to complex excess hydrofluoric acid after microwave digestion by CTE.
Hydrofluoric acid may also react with glassware or the glass mixing chamber of the -
ICP analyzer, and may interfere with silicon results, Thus CTE has not reported Si
and B results for some samples.

) The Method 29 filter was analyzed separately from the combined acetone/acid probe
rinses for ICP and GFAA analyses. This deviation was required to allow evaluation
of the particle size distribution of elements in the flue gas emissions.

F-2. A ia/Cyanide Protocol

Samples were analyzed for amnmonia and cyanide according to the procedures stated
in the QAPP.

Anions of interest are separated and measured using a Dionex DX300 ion
chromatography system comprised of a guard column, separator column, MicroMembrane
suppressor, and conductivity detector. The separator column selectively separates ions based
upon their affinity for an ion-exchange resin. The suppressor converts the eluted ions to
acids which are then measured by a conductivity meter. Identification of the ions is made by
their retention time on the column. Quantification is done by comparing peak height or area

responses to those of calibration standards.

r



F-3.2 Deviations from Method 264

)

@

The analysis of EPA Performance Evaluation Samples (WP029) was used instead of
EPA "Audit Samples” designated in Section 7.7.1 of Method 26A.

There is no effect on results because of this deviation from Method 26A. The
acceptable range for either must be analytically achieved to assure method accuracy.
The target values are documented by the EPA and the analysis results are recorded
in the project laboratory record book.

Calibration standards were prepared in deionized water instead of 0.1 N H,SO, as
stated in Section 5.2 of Method 26A.

As the majonity of the analyses required dilution in deionized water to conform to
the analytical range of the detector, deionized water was the appropriate solvent for
the calibration standards. There should be no adverse effect on results from this

alteration.

F-3.3_Deviations from Method 300.0

)

The instrument calibration is verified approximately each hour of operation with the
analysis of an Instrument Calibration Verifier (ICV) which has a tolerance of 20
percent from the known value. Section 9.4 of Method 300.0 states that the tolerance
shouid be 10 percent. Although 10 percent is achievable precision (see RPD’s of
duplicates), ICV's require 20 percent because they are analyzed around the clock
where temperature changes contribute to a small amount of instrumental drift above

10 percent.

F-3.4 Deviations from the QAPP

6

The Custody During Lab Analysis (5.1.3.3) section states that quality control
samples will be documented in a bound lab record book and assigned an LRB

number. The ion chromatography lab uses a sample log for all incoming samples
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from which a unique +-digit number is assigned. Copies of logged samples will be
entered into a bound LRB. The chain-of-custody-form copies will serve as a record
of the personnel involved and the times invoived in sample-handling transactions.

(25 Data Quality Objectives (Table 5-4) should state that a standard reference material
(EPA WP029) will be used as an accuracy determiner when the matrix spike is not
applicable, i.e., the spiked sample is unmeasurable because of column and/or
detector overload or because of matrix dilution necessary for linear range detection.

3 The target vaiues for the WP029 samples were achieved with each calibrated sample
run except one, The result of WP29 chloride for Niles, Run #3, Solids, was 176
ppm. The acceptable range is 143-171 ppm. The oversight was discovered too late
to be corrected. Considering the fact that all of the other QC analyses for this
sample run and specifically those surrounding this analysis were within the control
limits, the run was not invalidated.,

F-4._Analytical Protocal for VOC
F-4.1 VOST Samples

Analysis of VOST sorbent traps for VOC was conducted as described in the QAPP,
according to the provisions of SW-846 Method 5041, using thermal desorption GC/MS.
Each sampled pair of VOST traps was placed in a heated desorption unit and purged with
organic-free nitrogen or helium. The purge gas flow transferred VOC desorbed from the
VOST traps to a cold trap for focussing. Heating of the cold trap released collected VOC in
a small volume onto the inlet of the GC column. The VOC were then determined by
temnperature programmed chromatography with detection by low resolution mass
spectrometry. Internal standards were used to quantify the VOC. The one deviation from
plan was that hexane was not determined in VOST samples.

F-4
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F-4.2 Canister Samples

Canister samples were analyzed with a gas chromatograph equipped with a mass
spectrometric detector. Upon receipt, the initial pressure of each can was recorded and the
can was filled with zero air to facilitate sample extraction. The initial and final pressures
were used to determine the dilution correction factor. Since acidic gases have been shown tn
strip the analytical column of bonded liquid phase within a short time period sampled air
from the canister was first directed through a sodium bicarbonate trap to reduce the content
of acidic pases. The use of alkaline water was originally specified in the Analytical
Management Plan but was shown prior to the field study to partly remove several of the
target compounds when challenged with the 41 component calibration mixture, The effiuent
from the sodium bicarbonate trap was then directed to an adsorbent trap (Carbopak B/
Carbosieve S-III) to preconcentrate the target VOC species. A.six port valve and thermal
desorption step were used to inject the adsorbed material onto the analytical column. The
column was temperature programmed from -50 to 200°C to resolve the VOC. Selective ion
monitoring was used to quantify the target species. However, sufficient acidic gases were
still present in the injected sample that prohibited the operation of the mass spectrometer
until 11 minutes into the run. As a result, the first six species on the 41 component target
list were not analyzed. A method detection level of 0.5 ppb was achieved with a sample

volume of 60 cm’.

F-4.3 Liquid VOC Sampl

Volatile organic compounds (VOC) in liquid samples were analyzed by Zande
Environmental Laboratories using purge and trap gas chromatography/mass spectrometry.
EPA SW846 Method 8240 was followed for the analysis of these samples. All samples were
initially analyzed within 14 days of receipt at the laboratory.

Calibration curves were generated and the appropriate Calibration Check Compounds
(CCC) and System Performance Compounds (SPCC) were within the limits stated in Method
8240. The system was initially tuned with 4-bromofluorobenzene prior to analysis of the

initial calibration curve. An attempt to tune the system every 12 hours of operation was
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made, but the 12 hour window was exceede:! by 10 minutes in one instance and 20 minutes
in another. A couple of tunes also failed to meet the abundance ratio criteria found in
Method 8240. Continuing calibration standards were analyzed every twelve hours and in all
instances but two met the continuing calibration criteria required by Method 8240. There
were no target analytes present in any of the samples.

E-5._Analvtical Protoco] for PAH/SVOC
E-5.1 Gas and Solid Samples

The MMS5 samples were prepared according to the Niles Analytical Plan. The MM35
filter and probe rinse filter were spiked with known amounts of d,-chrysene and d,,-
benzo(k)fluoranthene before Soxhlet extraction. The filters were then extracted with
dichloromethane (DCM) for 18 hours. Note that in the QAPP the extraction time is
indicated as 16 hours, but the actual extraction time for all the samples was 18 hours. The
DCM extract was combined with the filtrate from the probe rinse and concentrated by
Kuderna-Danish (K-D) evaporation. Note that the concentrated probe rinse extracts were
acidic and contained water. Thus 50 mL of DCM and 50 mL of water were added to the
concentrated probe rinse extract. The water layer was adjusted to pH of 7, and then
extracted twice with 50 mL of DCM. The DCM extracts were combined, dried with sodium
sulfate, and concentrated to 1 mL for combination with the corresponding filter extract.
Cyclone samples collected at Location 18 were spiked with perdeuterated PAH and extracted
with DCM for 18 hours. The DCM extracts were concentrated to 1 mL by K-D evaporation
for silica gel column chromatography.

The XAD-2 samples were spiked with perdeuterated PAH and/or *C-labelled
dioxin/furan and extracted with DCM. The condensate was adjusted to pH 7 and extracted
with DCM according to the QAPP. The XAD-2 extract was combined with the module rinse
and condensate, and concentrated to 1 mL for silica gel column chromatography.

Aliquots of the solid process samples were spiked with perdeuterated PAH and
extracted with DCM for 18 hours. The DCM extracts were concentrated to 1 mL for silica

gel column chromatography.
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The DCM extract was solvent exchanged into hexane (Cg) and applied to a silica gel
column. The column was packed with 5 percent water deactivated silica gel with C,. Three
elution solvents, C;, C/DCM (50/50), and methanol were applied to the column. The
C/DCM fractions were concentrated to 1 mL with K-D evaporation and further concentrated
to 100 uL with nitrogen evaporation for GC/MS analysis. Some of the C,/DCM fractions of
XAD-2 extracts were diluted to 1 mL or more to minimize sample matrix effects for GC/MS
analysis. The methanol fractions were concentrated to 1 mL, evaporated almost to dryness,
and solvent exchanged into 1 mL of DCM, however these fractions were not analyzed. The
only target anatyte expected in this fraction is quinoline for which data are not provided.

A Finniéa.n TSQ-45 GC/MS/MS operated in GC/MS mode equipped with an INCOS
2300 data system was employed. Helium was the GC carrier gas and a 70 ev electron beam
was used. The MS was operated in the selected ion monitoring mode. lon peaks monitored
by MS are the molecular ions and characteristic fragment ions of target analytes.
Identification of the target analytes was based on the correct molecular ion, correct fragment
ions, and the correct retention time relative to the internal standard. Quantification of each
target analyte followed the method described in the QAPP,

F-5.2_Liquid SVOC Sampl

Semivolatile organic compounds (SVOC) in liquid samples were extracted and
analyzed by Battelle using liquid/liquid extraction, and analysis by gas chromatography/mass
spectrometry. EPA SW846 Method 3560 and 8270 was followed for the analysis of these
samples. All samples were initially extracted within 7 days of receipt at the laboratory and
the extracts analyzed within 40 days.

One liter aliquots of each sample were fortified with the appropriate surrogate
compounds to monitor extraction efficiency, serially extracted three times with methylene
chloride, concentrated to 1 mL, fortified with internal standards and analyzed on an HP 5970
MSD. Every sample with the exception of blanks and spiked blanks formed emulsions
during the base/neutral extraction. Due to the formation of emulsions, during the
base/neutral extraction, each 60 mL aliquot of extract was collected in a centrifuge bottle,
centrifuged, the organic removed and the remainder added back to the separatory funnel
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prior to the next addition of solvent. Once the sariples were acidified, emulsions did not
form and the samples were processed without centrifugation. No problems were encountered
in the concentration step.

Calibration curves were generated and the appropriate Calibration Check Compounds
(CCC) and System Performance Compounds (SPCC) were within the limits stated in Method
8270.

The system was initially tuned with decafluorotriphenylphosphine prior to analysis of
the initial calibration curve. The system was also tuned every twelve hours of operation and
met the required ion abundances. Continuing calibration standards were analyzed every
twelve hours and in all instances met the continuing calibration criteria required by Method
8270 for CCCs and SPCCs. Method 8270 allows for 30 percent RSD on CCCs and this
criteria was used. The QAPP incorrectly stated 25 percent RSD,

F-6, Anslytical Protocol for Aldehvdes

Gas samples (DNPH impinger solutions) and liquid process samples were analyzed
for formaldehyde, acetaldehyde, acrolein, and propionaldehyde using high performance liquid
chromatography with ultraviolet detection (HPLC/UV). Prior to the collection of the gas
aldehydes, the DNPH reagent for the impinger samples was prepared by mixing 0.06 g of
purified DNPH crystals per 250 mL of acetonitrile. Fifty (50) uL of sulfuric acid was also
added to each 250 mL of DNPH reagent.

After the gas samples had been collected and prior to analysis, the volume of DNPH
impinger solution collected from each impinger was measured with a graduated cylinder.
Next, a 4-mL aliquot from each sample was transferred to a 4-mL HPLC sample vial with a
septa-seal top. The HPLC vials were used as the permanent storage vessel for the impinger
samples. These HPLC vials were refrigerated before and after analysis.

For liquid samples (both process liquid samples and condensed water samples from
the gas sampling trains), all samples were reacted with DNPH just prior to analysis. An
aliquot of 2 mL of each liquid sampie and 2 mL of DNPH reagent were mixed in a 4-mL
HPLC sample vial with septa-seal top. The HPLC vials were used as the permanent storage
vessel for the liquid samples. The liquid-DNPH solutions were allowed to react for at least 3
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hours prior to analysis. This reaction time is necessary to assure that all of the aldehyde
species present in the liquid will be converted to carbonyl-DNPH derivatives. After the
waiting period, the samples were analyzed. For the liquid samples, standards were prepared
by adding the neat aldehydes to HPLC water at concentrations above and below those found
in the actual samples. The standard water samples were reacted with the DNPH in the same
manner as the actual sampies.

For the process liquid samples, additional sample preparation steps had to be
impiemented because of the potential for suspended solids in the samples. Prior to reaction
with the DNPH solution, the process liquid samples were filtered through a 0.22 um filter.

After the liquid samples were reacted with the DNPH, a white precipitate settled out
in a few of the samples. To protect the HPLC system, the liquid above the precipitate was
decanted off and placed into a new HPLC vial. It was this liquid that was analyzed on the
samples in which precipitation occurred.

All of the samples were analyzed with a Waters HPLC system. An acetonitrile/H,0
mixture (65/35) serves as the mobile phase. Column flow is 0.8 mL/min. Typically, the
injection volume used for aldehyde samples was 30 uL.

F-7._Analvtical P I for Radionuciid

Radiological analysis of both the gas (filter) samples and the solid samples was
performed by the International Technology (IT) Corporation’s Oak Ridge, Tennessee
laboratory using a gamma scan method. The samples were prepared for gamma
spectrometry using that laboratory's standard operating procedure OR-7003, Revision 0.
Then the radioactivity counts were obtained using IT-Oak Ridge standard operating procedure
OR-7212, Revision 0.

During the analysis procedures the following reports were prepared:

(1) Gamma Spectroscopic Analysis Parameters
2) Summary of Positively Identified Nuclides
3) Summary of Unidentified Nuclides

@ Peak Search Report (Gross)

(3) Peak Search Report (Net)
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6 Summary of Nuclide Activity

)] Nuclide Line Activity Report

(8) Full Combined Activity - MDA Report

9) Unidentified Energy Lines Report

(10)  Total Uranium Analysis Parameters and Summary
(11)  Full Combined Uranium Activity - MDA Report

For each sample the analysis results were summarized by reporting the activity in
pico Curies per gram for the following isotopes as was called for in the QAPP:

Pb-210 Pb-211

Pb-212 Th-229

Ra-226 Th-230

Ra-228 U-234

Th-234 U-235
F-10
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APPENDIX G
UNCERTAINTY ANALYSIS



An error analysis was conducted to provide an estimate of the uncertainty of the
reported values for average emission factors. Emission factors on three days are reported in
Section 6 along with the arithmetic average, E. Daily emission factors were calculated by:

E = 2205:g+v) (G-1)
(HHVs¢p)

where
E;, = daily emission factor, 1b/10"*Btu
g = daily flue gas flow rate, Nm*hr
s = daily solid phase concentration of substance in flue gas, ug/Nm’
v = daily vapor phase concentration of substance in flue gas, pg/Nm?
HHV = daily higher heating value of feed coal, Btu/lb
¢f = coal feed rate, kib/hr

A goal of the project was to determine a representative value for E, the average
emission factor for a substance from the power plant. The reported value of E is an average
from only three days of sampling. Daily variation in operation of the power plant
contributes to uncertainty in the estimation of the long term average emission rates of

substances.
G-1. Identificati (s (E

Two types of errors must be considered (ANSIVASME PTC 19.1-1985,
"Measurement Uncertainty”, available from the American Society of Mechanical Engineers):

random errors (or precision errors) and bias.
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Three factors contribute to precision errors or variability in the reported daily
emission factors. First, plant operating conditions change from day to day. Second,
variability in collecting samples leads to errors in determining the five parameters in equation
G-1 that are used to calculate the estimate of E. Third, variability in analyzing the collected
samples for s, v, and HHV leads to errors in estimating E;.

Bias in determining E; can result from systematic errors in determining any of the
five parameters in equation G-1. Bias errors are assumed to be constant throughout the
measurement process. They can be significant, known and accounted for in calibrations;
insignificant, known, and ignored in the uncertainty analysis; or estimated and included in
the uncertainty analysis, The bias, when included in an uncertainty analysis, is estimated as
a upper limit of the bias error.

G-2. Procedures for Estimating U .

The error analysis for this project was designed to provide uncertainty intervals
around the reported average emission factors of the form

Emission factor (15{10'? Ba) = E 2 (U? + BH)W (G-2)

where
E = arithmetic average of the daily emission factors E,
U = an approximate 95% confidence bound accounting for random errors

B = .possible bias due to systematic errors.

For cases in which the average emission factor is based upon three non-detected
values, the uncertainty was taken to equal the reported "less than” value for the average

emission factor. Otherwise, the estimates of precision and bias errors were made as follows.
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Precision E

The 95% confidence bounds were calculated by

U =

wli

where
t = 4.303, the upper 97.5 percentile of Student’s t distribution with two
degrees of freedom
S = standard deviation of the three daily emission factors.
Thus,

U = 2.48*S.

The resulting confidence level is approximately 95 percent.- This assumes that the
distribution of daily emission factors for each substance approximates a normal distribution.

Battelle evaluated whether or not to use propagation of error methods, such as those
described in the ANSI/ASME document cited above, to determine the statistical uncertainty
of the average emission factors. Propagation methods are often used to establish the
uncertainty of a function of several measured input parameters. Battelle believes that the
approach described above is preferred over propagation of error methods because the
objective of this error analysis is to estimate the uncertainty of the average of independent
determinations of daily emission factors. Computing the standard deviation of the E;
accounts for the three sources of variability cited above: day-to-day variations in plant
operations, sampling error, and measurement error. The propagation of errors method is an
approximate solution that will produce similar results, provided that the correlations among
the input parameters are taken into account. For example, one would expect a high degree
of correlation between the measured solid and vapor phase concentrations on each day and
between the daily coal feed rates and flue gas flow rates.
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The potential bias on E due to systematic errors in any of the five measured -
parameters in equation G-1 was calculated by

B = (ZBH\" (G-3)

where B, = dE/dp;*8; is the resulting bias in E caused by a systematic error of B; in
measuring parameter p; (j=1-5 for g, s, v, HHV, and cf). These errors could not be
speciﬁmily identified or confirmed; thus no correction was applied to the measured
parameters. Battelle’s estimates of the values of 8, are described below.

Flue gas flow rate. Determination of the flue gas flow rate, g, was assigned an
upper limit of twelve percent for bias error. The bias for the gas flow measurement was
estimated by comparing measured gas flows rates to flow rates calculated from the coal feed
rate and the oxygen content at the various sampling points. The measured flow rate used 1o
calculate emissions factors was taken to be the measured flow rate of flue gas at Location 18 -
corrected for additional flow from the two support burners ahead of Location 21 (see Section
6 for an explanation of this procedure). The average difference between the "measured” and
calculated flue gas flow rates was eight percent. This value was assigned to the parameter
B,.

1$:3 J

Solid phase concentrations. Solid phase concentrations, s, were calculated by
dividing the quantity of a substance determined in the laboratory analysis of a sample by the

flue gas volume associated with that sample. The amount of sample collected from the flue
gas stream approximates the actual concentration. Potential bias in the quantity of collected
material is summarized in Table G-1. .

Sources of analytical bias (Quality Assurance for Chemical Measurements; Taylor,
John Keenan; Lewis Publishers, Inc., Chelsea, Michigan, 1987) are listed in Table G-2 along
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with the estimate of the magnitude of the bias associated with each source. The estimates
shown in Table G-2 were derived as follows:

Inefficiency Losses - Results for organic analyses are corrected for extraction
recoveries. A bias of 2 percent is estimated for inorganic analyses based on matrix
spike and SRM recovery results.

Calibration - For most organic and inorganic analytes, routine calibration results
were required to be within +25 percent of initial calibration. Battelle’s estimate of
the bias in calibration is 5 percent.

Interference Resolution - The estimate of bias is zero because interferences are
typically corrected for in organic and inorganic analyses or data are flagged as being
affected by interference.

Contamination Gains - Data are corrected for contamination gains derived from field
sampling, sample handling, and sample shipping by subtracting train blank results
from sample data; therefore, the bias estimate is zero.

Instrumental Shifts - Instrumental shifts are considered to be corrected for by
calibration bias; .therefore the estimate is zero.

Matrix Effects - Matrix effects are evaluated by use of matrix spike samples. The
estimate is zero because no consistent bias was detected in analysis of either

inorganic or organic matrix spike samples.

Theoretical - Battelle’s extensive experience with the inorganic and organic analyses
conducted on this program has not detected any consistent bias based on theoretical

effects; therefore the estimate is zero.



Operator Bias - Many of the analyses were conducted by different operators and no
consistent bias was detected; therefore the estimate is zero.

Tolerance Adjustments - Based on Battelle’s laboratory analysis experience,
consistent bias with tolerance adjustments is nonexistent; therefore the estimate is

ZCro.

Uncorrected Blank - Most sample results are corrected for laboratory method blanks
and reagent blanks (where applicable) or blank results are negligible. Therefore the

estimated bias from uncorrected blanks is zero,

Based upon these estimates, a bias error of five percent for organic solid phase
determinations was estimated. Scven percent was estimated for inorganic solid phase
determinations. . |

“Considering both sampling and analysis together, the estimates of 8; for solid
substances were computed as the square root of the sum of the squares of the individual bias
estimates (see Table G-4).

Yapor phase concentrations. Vapor phase concentrations, v, were calculated by
dividing the quantity of a substance determined in the laboratory analysis of a sample by the

flue gas volume associated with that sample. The amount of sample collected from the flue
gas stream approximates the actual concentration. Potential bias in the quantity of collected
material is summarized in Table G-3.

Sources of analytical bias and associated bias estimates for vapor phase samples are
the same are those listed in Table G-2 for solid phase samples except for the bias associated
with the inefficiency losses for inorganic analyses. This bias is estimated to be 1 percent
rather than 2 percent because the difficulty with preparing liquid phase samples for inorganic
analysis is typically less than that for solid phase samples.

Combining the errors for sampling and analysis, Battelle estimated the B, for vapor

substances as shown in Table G-5.
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Higher heating value of coal. The bias for the coal heating value determination
was estimated at 2 percent. This estimate is based on the fact that the coal heating value is
determined by a well-proven ASTM procedure by laboratories doing many samples daily.
Additionally, utilities keep careful watch over their boiler efficiency and heat rate values. As
the heating value is a major input to boiler efficiency and heat rate calculations, a bias as
large as 2 percent would be obvious. Hence, a 2 percent bias estimate was assigned to the
heating value determinations.

Coal feed rate. The bias for the coal feed rate measurement for the Niles Station
Boiler No. 2 was estimated at 2 percent. In general, keep careful watch over their fuel
consumption and boiler efficiency. (The cost of fuel is typically 40 to 50 percent of the cost
of generating electricity and, thus, is of major importance.) A bias as large as 2 percent in
the fuel feed rate would be very obvious to the plant operators and .action would be taken to
correct any problem. Review of operations at Niles Station led to assignment of two percent
for the parameter fis. ’

Summary. The estimated upper limits for bias terms §; are listed in Table G-6.
Because of the uncertainty in estimating values for the 8; themselves, a decision was made to
combine the values for 8, and B, into one term. Therefore the values of B,,, were assigned
as follows: elements - 7 percent, anions - 7 percent, radionuclides -9 percent, particulate
matter - 8 percent, SVOC - 7 percent, ammonia/cyanide - 6 percent, VOC 8 percent, and
aldehydes -6 percent. Together with calculations of precision error, these terms were used to
calculate uncertainty intervals for emission factors in Section 6.
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G-3. Example Calculation

The following example calculation applies to calculating the uncertainty in the
average emission factor for mercury.

Daily emission factors were calculated using Equation G-1:

. 2205 *+ 104,820 « 362

EI
12,249 » 258

= 26.5 /10 B

_ 2205 * 106,984 * 219 _

16.0
12,218 = 265

E

E, = 2205 + 107,625 « 307 _

g
12,306 ~ 26.8 2

The parameters used to calculate E;, for July 19, 1993, are found as follows:

Parameter Yalue Where Found
g 104,820 dscm/hr Table 3-13b as
2,099 Nm?/min at stack O,
or 2,099/1.2013 at 3% O,
s+v 36.2 ug/Nm? Table 5-8
HHV 12,249 Bw/lb Table 5-52
cf 25.8 klb/hr Table 2-4 as 91,700 lb/hr
for Boiler 2
91,700 x 0.281 (Table 2-6)
for SNOX

The average value E was calculated as

E - (26.5 + 160 + 22.1)

3 = 21.5 Ib/102 Bu
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The standard deviation, S, of the daily emissioh factors was calculated as

1 ¥ =
S= |— Y% &, -E
(N"l)El(i »

= J%[(zs.s - 215P + (160 ~ 2057 + (2.1 - 2157 = 5.27 I4/10% Bu

The parameter U was calculated as

U=248» S

=248 + 527 = 13.1 110" B

The bias parameter B was calculated using Equatioh G-3. The B; components were
calculated as follows:

Bl = d_g ﬁl
dE
By = d(s+v) Pan (=2sandj=3,v were
combined)
_ dE
B, = Jhmv b
dE
BS = 2_&. ﬂs
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where E, g, (s+v), HHV, and cf are each the average value.

Now,

dE _ 2205 * (s+v)

dg HHV = cf 7=l

dE 2205 » g
dis+v) HHV » ¢f

» J=2/3

dE _ -2205 * g » (s+V)
dHHV (HHV? « of

j=4

dE _ -2205 * g = (s+V)

j=5
def HHV * cf*

From Table G-6, the B; are:

B, =8% of g

Pz = 1% of (s+v) (see text on page G-7)

B, = 2% of HHV
Bs=2% of of

The term B, was calculated as follows:

dE _ 2205 * 29.6

—_—= ~ 12 3
dg - 12258 = 264 202 % 107 Y107 BriNm'/hr)
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where (s+v) = average of daily values (Table 5-8)
= (36.2 + 21.9 + 30.7)/3 = 29.6 ug/Nm?

HHV = average of coal heating values
= (12,249 + 12,218 + 12,306)/3 = 12,258 Bw/lb
cf = average of coal feed rate (Tables 2-4 and 2-6)

= (25.8 + 26.5 + 26.8) = 26.4 Ib/hr

B, = 2.02 x 10~ » 0.08 * 106476 = 1.72 IH/10" Bru

where g = averag; of daily values
= (104,820 + 106,984 + 107,625)/3 = 106,476 Nm3/hr

Then,

B = (1.72% + 1.50° + (-0.429)® + (-0.429)*)}"

B = 2.36 1b/10** B

Finally, the total uncertainty was calculated as

U =(13.12 + 236" = 133 Ip/10"* B
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TABLE G-1. BIAS ESTIMATES FOR FLUE GAS SAMPLING OF
SOLID SUBSTANCES

R
Estimated
Bias

Anaiyte Class (percent) Source of Bias; Documentation
Elements 5 Departure from isokinetic sampling; value
Anions is based on sampling data that show
SVOC maximum departure of about 5 percent
Radionuclides from isokinetic conditions. The bias for
Panticulate Matter collection of solid phase material was

assumed to be equal in magnitude to the

departure from isokinetic conditions.
Elements 2 Flow measurement error; required by
Anions Method regulations and maintained so by
SvoC gas meter calibrations. Also consistent
Radionuclides with RTI audits of Battelle’s gas meters.
Particulate Matter
Elements 0 Loss of particulate matter in probe; value
SvoC of zero results from recovery of
Particulate Matter particulate matter in probe wash.
Anions 5 Loss of particulate matter in probe; value
Radionuclides is an estimate based on use of short

probe, with no probe rinse. Consistent

with losses of particles observed in long

probe and flexible line.
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Table G-2. BIAS ESTIMATES FOR LABORATORY ANALYSIS

Source of Bias® Organic® Inorganic®

Inefficiency Losses 0 2 (solid)
1 (vapor)
Calibration 5 5
Interference Resolution 0 0
Contamination Gains 0 0
Instrumental Shifts 0 0
Matrix Effects : 0 0
Theoretical 0 0
Operator Bias 0 0
Tolerance Adjustments 0 0
Uncorrected Blank 0 0

(@) Quality Assurance for Chemical Measurements; Taylor, John Keenan;
Lewis Publishers, Inc., Chelsea, Michigan, 1987,

(b) Organic analyses include SVOC, VOC, and aldehydes.

(c) Inorganic analyses include elements, anions, ammonia/cyanide, and
radionuclides.
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TABLE G-3. BIAS ESTIMATES FOR FLUE GAS SAMPLING OF

VAPOR SUBSTANCES
Bias
Analyte Class (percent) Source of Bias; Documentation
Elements 2 Flow measurement error; required by
Ammonia/Cyanide Method regulations and maintained so by
Anions gas meter calibrations. Also consistent
vOoC with RTI audits of Battelle's gas meters.
sSvoC
Aldehydes
Elements 2 Completeness of collection in impinger
Ammonia/Cyanide solutions; based on experience with
Anions similar systems, including DNPH for
Aldehydes aldehydes.
voC 5 Completeness of collection on solid
SVOoC sorbents; based on experience with similar
systems, including XAD for PAR/SVOC.
Elements 0 Loss in probe; value of zero results from
SVOC recovery of probe wash.
Ammonia/Cyanide 2 Loss in probe; value is maximum likely
Anions value given elevated temperature of
vOoC probe, but no probe wash.
Aldehydes
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TABLE G-4. CALCULATION OF BIAS ERROR TERMS (8,) FOR

SOLID PHASE SAMPLES
S A
Sampling Bias® Analytical Bias® B,™
Substance Errors (percent) Errors (percent) (percent)
Inorganic
Elements 52 5,2 8
Anions 5,2,5 5,2 9
Radionuclides 52,5 52 9
Particulate Matter 52 5.2 8
Organic
SVOoC 52 5 7
(@) See text for origin of individual estimates.
(b) Computed as the square root of the sum of the squared erro
estimates for sampling and analysis. '
TABLE G-5. CALCULATION OF BIAS ERROR TERMS (8,) FOR
VAPOR PHASE SAMPLES
Sampling Bias® Analytical Bias® 8,
Substance (percent) (percent) (percent)
Inorganic
Elements 2,2 L5 6
Anions 2,2,2 1,5 6
Ammonia/Cyanide 2,22 1,5 6
Organic
SVOC 2,5 5 7
vOC 2,5,2 5 8
Aldehydes 2,2,2 5 6

(a) See text for origin of individual estimates.

(b) Computed as the square root of the sum of the squared error
estimates for sampling and analysis.
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TABLE G-6. ESTIMATED VALUES FOR BIAS TERMS IN THE
UNCERTAINTY ANALYSIS

S g e s

Upper Limit Bias Term

Parameter Substance 8; (percent)
g 8
s Elements ‘8
Anions 9
Radionuclides 9
Particulate Matter 2
sSvoC 7
v Elements 6
Anions 6
Ammonia/Cyanide 6
sSvOoC 7
vocC B
Aldehydes 6
HHV 2
. cf 2
R S _ L
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